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OF ‘THE SOCIETY FOR ANALYTICAL CHEMISTRY aon 


4 ‘MIDLANDS SECTION, 


SYMPOSIUM on ‘Analytical in the Service of Agriculture” by the 


_ [Section was held on Thursday and Friday, July 14th and 15th, 1960, at Nottingham Uni- 15 
[versity. The Symposium was opened by the President, Mr. R.C. Chirnside, F.R.LC. 
| ‘The Chair at the first session, on the morning of. July 14th, was taken by Dr. D. eS 


Sense F. R. I.C., Vice-President of the Society, and the following papers were presented o 


discussed: ‘““The Spectrochem ical Determination of Metals in Soils and Plants,” by R. L. 
‘| Mitchell, B.Sc., Ph.D., F.R.I.C.; “The Analysis of Herbicides,” by L. A. Haddock, M. Sc., 
At the second session, on the morning of July 15th, the Chair was taken by Professor R 
Belcher, Ph. D., D.Sc., F.R.LC., F.Inst.F., and the following papers were presented and 
discussed : “The Determination of Insecticide and Fungicide Deposits on Plants,’”’ by J. T. 
Martin, B.Sc., Ph.D., D. Sc., F.R.L.C.; “The Safe Use of Pesticides, with Special Reference to 
Consumer Protection,” "by E. . “Miller, B.Sc., Ph.D., A.K.C., “Analytical Chemistry i in the 
Study of Milk Secretion,” by J. A. F. Rook, B.Sc., Ph.D., A. ore 
At the final session, on the afternoon of July 15th, ‘the Chair was taken by the Chairman — 
of the Section, Dr. S. H. Jenkins, F.R.1.C., F.Inst.S.P., and the following papers were pre-_ 
sented and discussed: “The Determination of Additives to Animal Feeding Stuffs a 
Special Reference to Prophylactics), ” by R. F. Phipers, B.Sc., Ph.D. ; “The Analysis of Organo- 
phosphorus Pesticides,” by K. Gardner, B.Sc., F.R.LC., L. LM. 


_ There was an attendance of 89 delegates. "In the afternoon of July 14th visits were wid as 


to 10 the Horticultural and Veterinary Research Stations of Boots Pure Drug Co. Ltd. at Lenton — 
and Thurgarton, respectively, and in the evening an informal dinner was held at the Portland — 
Building, University of of Summaries of the papers appear below. 
Tue SPECTROCHEMICAL DETERMINATION OF METALS IN SOILS AND PLANTS 


Dr. R. L. Mitcuett said that spectrochemical methods were particularly suited 


the routine determination of several elements simultaneously in a series of related — 
samples. At the Macaulay Institute flame-emission techniques, now generally with 
direct-reading rather than spectrographic assessment, were widely used for the deter- 
mination of potassium, _ sodium and calcium and occasionally other elements such as we 
_ strontium and manganese. For magnesium in soil or plant extracts the flame source was Aig 
not particularly reliable, and a porous-cup solution - spark technique \ “was proving satis- 
_ factory. Atomic absorption appeared to be equally suitable for magnesium and also © 
. 4 for a few other elements such as zinc, but the Institute had had no direct experience of © 
For most trace-element determinations a spectrographic using 
d.c.-arc excitation was used, either with a semi-quantitative visual assessment for the _ % 
total content in soils or as a quantitative technique applied to concentrates derived from no 
_ soil or plant extracts. The concentration technique involved precipitation of the trace 
‘Metals in an aluminium - - iron carrier with a mixture of 8- 
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tannic ac acid bi thionalide at pH 5: 2. This gave complete recovery ry of : a ‘number of 


metals, including many of biological importance, such as Co, Ni, Zn, Mo, Cu, Sn, Pb, V, 

me Fe, Cr, Ga, Ag and Au, at the microgram level. This permitted determinations to 
5m ei be made at levels below one part in ten million for many elements. For certain elements 
Lie _ porous- cup solution - spark excitation with a Hilger Medium Quartz Direct Reader was 
on Preferable, and work was in progress at the time of the meeting on the development of 
other methods for Direct Reader could be used in soil and plant ad 


oM R. ak ‘eienien described the analysis of those organic herbicides that were in 
_ current use on a commercial scale. The description was restricted in most cases to an 
indication of suitable methods for measuring the active constituent of the herbicide, 
i a particularly when that constituent existed in admixture with inactive isomers. The 
e _ assumption was made that the herbicide, in varying degrees of purity, could be isolated 
from formulations for final analysis. The groups of compounds considered were the] 
x 2-methyl-, 2:4-dichloro-, and 2:4:5-trichlorophenoxy-substituted lower ali- 
_ phatic acids, the substituted ureas, the phenyl carbamates, the substituted dinitrophenols, 
re __ the chlorinated lower aliphatic acids, the ethyl sulphates, triazines and pyridylium com- 
Strictly i inorganic compounds such as sodium chlorate were not discussed. 


HE DETERMINATION OF AND Funcicie DePosits ¢ ON 


- the ‘determination of the amounts of chemicals falling and persisting upon oe in 
* a protective crop-spraying practices. Some ten years ago it had been customary to assess | 
_ dosages in terms of the amounts of chemicals used per acre, but unknown amounts of the 
active ingredients had been lost by run-off from plants or by the drifting of small droplets. 
P To assess the potencies of the chemicals in pest or disease control and the efficiencies of 
ia the spraying machines, analytical methods were required for the determination of 
_ deposits on plant surfaces. The use of chemicals toxic to humans and known to persist 
7 upon plants also raised the need for analytical methods by which possible : consumer 
hazards could be checked. Analytical methods were now available for many of the] 
__ spray chemicals in use. This paper dealt with the determination of surface deposits, | 
particularly in relation to the assessment of =« 
For effective pest or disease control, adequate coverage of the | target was necessary; 
this was particularly important for fungicides. The amounts of chemical deposited were 
expressed as wg per sq. cm of plant surface; parts per million of plant tissue had little] — 
_ meaning. In addition to the amount ‘of chemical deposited, its distribution and the 
coverage of plant surface achieved were important considerations. Methods had been} 
devised by which deposits could be recovered from plant surfaces for examination. For] 
chemical assay, deposits were washed from surfaces with suitable solvents; so far as 
~ possible, analyses were made by rapid methods on small areas in assessments of distribu- 
: = The methods used for the determination of deposits of materials such as DDT, 
BHC, "dieldrin, endrin, captan, copper, sulphur and mercury and the levels of deposits 
found j in different conditions were described. 


THE ‘SAFE USE OF PESTICIDES, WITH SPECIAL To 


Dr. E. J. Mitter described the. practice in in the United Kingdom with regard to the 

safe use of pesticides. He explained briefly the voiuntary Notification Scheme between 

_ Industry and the Government, whereby firms informed Departments of — proposals 
to market new pesticides or to recommend new uses for existing pesticides. — _ Agreement or 

_ “clearance” to the proposals in their original or in modified forms was given in published 
“official recommendations, which advised on the precautions to be taken when using the 
oi chemicals so as to avoid risks to operators, to consumers and to “third parties” including 
_ livestock and wild life. He explained why, at present, tolerances were not proposed, 

é, but instead, by means of a code of practice for farmers and growers to follow, it was held] 

the consumer of a treated crop would be harmful residues 
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j September, 1 1960] 
4 concluded with a brief account of the work, both i in this country and by international 
_ governmental organizations, on analytical methods for pesticide residues in foodstuffs, 


and the recently formed Research Study Group on Toxic | Chemicals ir in 


‘(CHEMISTRY IN THE STUDY OF SECRETION 


Dr. J. A. F. Roox briefly diateiinel the analytical methods currently i in in use for the A 
determination of the major milk constituents. He reported the effects on the composition ven 
of the milk of a variety of factors, including breed and individuality of the cow, stage of z 


‘nique, and, where knowledge was available, he discussed the fundamental causes of these 
a speaker emphasised the need for recognising ‘that a change in milk ¢ cunipuaiiien ee 
was the result of biochemical or physiological changes within the animal body, and that — a 
3 under controlled experimental conditions it was possible to use milk compositional data Bie ys 
> as an index of such changes. . This concept had given a new dimension to studies on milk 
_ composition, and he gave a number of exam mples of experimental studies neorporsting As 
DETERMINATION OF ADDITIVES To ANIMAL FEEDING STUFFS 
= SPECIAL REFERENCE TO PROPHYLACTICS) 
_ Dr. R. F. Putpers described recent investigations carried out on behalf of the Ana- 
a tee Methods Committee of the Society. The Society had been approached by the 


Ministry of Agriculture, Fisheries and Food with a request for information on s 
methods of analysis were available for the determination of additives to animal feeding ‘ 
stuf on whether suitable methods could be provided if none were available, and for 
comments on whether such methods were within the competency of agricultural analysts. a 
‘The additives under consideration were divided into certain groups, these being <i 
4 


soluble vitamins, water-soluble vitamins, minerals, antibiotics, hormone growth pro- pine 


= _ Various Panels were set up, and each had its own programme of work in hand. The ae 


ae dealt, very briefly, with the progress made by the various Panels and went more i ae 
deeply into the work of the Panel concerned with the analysis of prophylactics. © BS os 
__ He had selected the work of the Prophylactics Panel as an example because investiga- 
_ tions into this field were not complicated by naturally-occurring sources, such as were — 
encountered by the Vitamin Panels. The problem of obtaining truly representative 
- samples was discussed, and this in turn led to a brief description of the difficulties that i 
_ were encountered in preparing uniform mixtures of feeding stuffs containing very small F 
quantities of biologically active materials. The prophylactics at present under considera- 
were the poult coccidiosis ‘drugs, nitrofurazone and sul ha uinoxaline. 
poultry § q 


ee Mr. K. Guna said that, during the last decade, increasing use had been made in | 


_ agriculture of organo-phosphorus pesticides. Although they were not yet used as an 
’ extensively as some of the chlorinated pesticides such as DDT and BHC, the number and > 
PY quantity of different organo-phosphorus chemicals used had already become very large. pe 
'] _ The two principal aspects of analytical interest were the specific determination of 2 
™ active constituent and the determination of residues in crops. In this _paper he 
active ingredient, and he several of the more important chemical. 
Amongst the first economically important insecticides in this group were the substi- 
‘tuted pyrophosphates. Analysis of these compounds was based on differential hydrolysis. = 
Later developments in the field had been the introduction of variety of dialkyl phosphate, — Perk, 
phospho: -othioate and phosphorodithioate esters. The common dialkyl phosphate 
_ grouping was only occasionally encountered in the determinations and, with few excep- ee 
| — tions, the analysis of these compounds depended on the specific determination of = a 
toxicity-determining substituent group, often after a preliminary from 
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THe twenty fthL London Discussion Meeting of the ovo was held at 6.30 p.m. on a 


HILIP died : at his Ealing on on May 17th, 1960. his ‘the. Society having 
_ loses one of its oldest members, one who had a distinguished career in two separate fields of] minim 
applied chemistry. He was born in 1872 in Germany, his parents being naturalised citizens} A 
of the States. He was brought to when very young one was educated | is aspi 
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‘maintained his life ‘with many chemists on the continent of to sp 
Returning to England, he rapidly gained for himself a reputation as an expert on wines and advan 
spirits (particularly whiskey). In the years between 1900 and 1908 Schidrowitz contributed fewer 
17 papers on wines and spirits, as well as some on other subjects, such as opium, to The Analyst excita 
and other journals. Two important papers on the chemistry of whiskey were published in of hig 
the Journal of the Society of Chemical Industry in 1902 and 1905. Papers on brandy (1905)§ excita 
oe and claret (1907) appeared in the Journal of the Institute of Brewing, whilst as early as 1900} or Ox) 
-Schidrowitz had written in The Analyst on The Composition of “Dry” (Champagne. has ti 
He always kept in his office a series of bound volumes labelled ‘Whiskey Cases” andj I 
- despite his later specialisation in the field of rubber, continued to be retained by leading pro-§ condit 
ducers of whiskey for very many years, the 
_ His introduction to rubber came via gutta indi in a curious and. unexpected -manner,| narro 

~ He had married, in 1905, Ada Mary Gaine, whose father was a director of the Eastern Tele-] by a 
graph Company. _ Shortly afterwards, great technical difficulties were experienced with the] of the 
- company’s submarine cables, which were insulated with gutta percha. . Mr. Gaine one his] the se 
son-in-law if he could help. Thus began Philip Schidrowitz’s main life’s work. 
"The literature of rubber shows Schidrowitz as the author of something like 500 -publica- spect 
tions and patents covering almost every aspect of the industry. _ The flow of these publications] and « 
on rubber began about 1911, and at the same time those on wines and spirits abruptly ceased.] adequ 
A number of his discoveries deserve the term “epoch-making.”” For example, his famous select 
; British Patent 1111 of 1914 described for the first time the manufacture of a sponge or foam} More 
from latex and may be considered as the forerunner of what is now a large and flourishing} ate d 
industry. He also found that rubber latex could be vulcanised without coagulation, andj =! 
; 5 described a number of other technical advances which were responsible in no.small degree for eleme 
the large increase in the consumption of latex in recent years. =, When 
ie In these and many other directions Schidrowitz blazed the trail that was to be followed,§ cobal 
with success, by others.. The way of the pioneer is seldom easy and rarely profitable. mang 
_Schidrowitz was no exception—all too often where he sowed, others reaped. Industry was§ Work 
: - not yet in the frame of mind to seize the opportunities that were offered. = = || facto 
_ Schidrowitz joined the Society in 1898 and was a Member of Council i in 1903-04. He = S 
; _ wrote for the Rubber Journal a weekly page entitled “Views and Reviews” for a period off are b 
7 almost forty years. He took a leading part in the founding of the Institution of the Rubber sensi 
Industry in 1921, and served on its Council for many years. In 1940 he was awarded thef Incre 
Colwyn Medal of this Institution (jointly with Dr. H. P. Stevens). | large 
A man of distinguished appearance, Schidrowitz had the power to put forward his views, Inter 
whether in writing or orally, with great clarity and charm. He had a wonderful sense off The 
- humour and many good stories that afterwards went the rounds could be traced back to him, Place 
He is survived by’ his wife and two sons. 
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(Department of Chemistry, of Tennessee, Knoxville, Tennessee, U.S 
| AppLicaTions of flame p photometry to the analysis’ of metallurgical products are not as 
| widespread as the utility of the technique warrants. The method should be of interest bras os 
Ito analysts in production and control laboratories, especially to those in small foundries __ — 
having no spectrographic facilities. Preliminary preparation of the sample is usually Be’ = 
minimal, and multi-element determinations in successive steps are often feasible. yr si Pn 
Among the conventional | combustible gases, an oxygen - acetylene flame, into which her oa. 
is aspirated an organic solvent, offers the optimum excitation conditions. In such aflame, _ a ao: 
|more than fifty-seven elements are excited, and forty- -three of these can be determined with : 
high sensitivity. The emission sensitivities of these elements have been tabulated,! and some _ a Me 
of the elements pertinent to metallurgical analysis are listed in Table I. If one prefers — Bo a 
to speak of detection limits, the compilation by Gilbert? should be consulted. An a 

advantage of flame photometry is that, compared with an arc or spark source, flames excite os od 
fewer lines of each element; also, it is less difficult to establish reproducible conditions of = © 
excitation and sample introduction into a flame by means of an aerosol. The development _ oS 
of high-temperature flames, such as the oxygen - cyanogen flame,*.* offers promise for the sri 
excitation of line spectra of elements whose lines are weak or absent in an oxygen - “hydrogen o ae &§ 
or oxygen - acetylene flame, namely, beryllium, molybdenum, tin and vanadium. Gilbert?* _ o 4 a 


has tabulated the detection limits of thirty elements in an oxygen - cyanogen flame. bears |” 
In flame photometry, a solution of the sample to be analysed is sprayed under controlled 


, conditions into an oxygen - fuel-gas flame. To isolate the desired region of the a 


mitted, in turn, a greater of selectivity. to achieve maximum 
lica-| spectral selectivity, a monochromator equipped with quartz optics and variable entrance 


andj Failure to ‘utilise proper equipment imposes needless spectral interferences on the test a 
elements. wide slits are used, and this is necessary to achieve reasonable emission 


'| manganese. ~ Correction graphs offer a partial solution, but their use involves much etre p 
, was work and detracts from the inherent rapidity of flame photometry. é Specificity Sietecionenée) ek 
factors for many elements have been recently summarised ® 
_ _Solvent-extraction procedures, after which the organic phase is aspirated into the flame, i 
are being used to an increased extent.*:? The use of organic solvents provides much greater SAS. 
sensitivity and selectivity than was previously believed possible in flame photometry. 
Increases in emission intensity ranging from ten- to twenty-fold are usual; exceptionally Bose 
| large enhancement has been obtained for aluminum, chromium and the rare-earth metals. 
s,| Intensification with organic solvent - water mixtures is less—approximately | four- to ten-fold. om 

The enhancement achieved by using organic solvents or solvent - water combinations in — - its 


place of aqueous solutions can be utilised in various ways: (a) more dilute solutions or ‘solutions 


| Flame-photometric Methods in Metallurgical Analysis 
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FLAME-PHOTOMETRIC ¥ METHODS pas 

equipment and the usual fuel gases es and (b) by decreasing the concentration matrix elements 

or by selective extraction from these matrix elements, spectral and radiation interferences pu 7 
In flame photometry, by contrast with colorimetry, interfering colour-bodies from similar potass 
alit 
_ not enhance or inhibit the light emitted by the test element or emit light of its own at the heel 
same discrete wavelength as that of the test element. In particular, many extractive colori-] }.ndli 
_ metric methods, formerly dismissed | as unsatisfactory, are often directly applicable to flame} oontar 


WAVELENGTHS AND EMISSION SENSITIVITIES OF LINES AND BANDS USEFUL | an 4 lithiun 
tes nsitivity val for a Beckman DU fi trophotomet ee = 
mission-sensitivity values are for a Beckman ame spectrophotometer equippe Strang 
: with a 1P28 photomultiplier tube (or a red-sensitive phototube for measurements above — Ovens 
‘ f 680 my), an integral-aspirator burner and a 0- to 10-mV recorder (0 to 100 T-scale units). Ci as ian 

_ Slit widths were kept at 0-05 mm, and the photomultiplier tube was operated at 60 volts neal 
per dynode and with a 22-megohm load resistor = © 
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—Atomictine Quygen acetylene, 


386-0 v4 Atomic line Oxygen - acetylene 


437) “Molecular band Oxygen - of the 


 Atomicline Oxygen - -acetylene re 
Molecular band Oxygen - hydrogen tla, 16 


Atomic line “Oxygen - acetylene pels 


328 Atomic line Oxygen - hydrogen. and t 

insta 

of th 

when are I think: that is a fertile field for the 

_ ment of selective methods for flame photometry. _ . Often the only change required is to meal 

_ substitute an oxygenated solvent, ketone or ester, for the widely used halogen-containing Roan 
solvents, since the latter release obnoxious hydrogen halides into the burnt flame gases. oi fF 


_ Methods for determining constituents in various types of ferrous and non-ferrous alloys 
r and of bulk metals are reviewed in the following discussion. The majority of reported 
methods applicable to non-ferrous alloys have dealt with aluminium alloys, perhaps becausq ~ 
_ of their paramount position. Flame photometry is equally applicable to the other classes 5 
of non-ferrous materials. With tin-based alloys it is generally difficult to prevent extensive 7 
hydrolysis of tin salts; consequently, tin, together with any antimony | and arsenic, should 
ibe removed by volatilisation of the bromide. 


| 
| 
— 
Mee 
— 
iii 
ane we 
— 
| 
|i 
— 
4 


lines of alkali metals: exhibit consi 


For the lithium line at 670- my, arise e from the 
systems of barium, calcium and chromium. Strange described a method for determining 
lithium in ternary magnesium - lithium - aluminium alloys containing 1 to 10 per cent. of 
lithium ; Robinson and Ovenston® devised a method for the range 11 to 14 per cent. of lithium. ‘ 
To compensate for the suppression of lithium emission by magnesium and aluminium, ~ 
Strange recommended addition of these elements to the standard solutions. _ Robinson and 
Ovenston used a double-beam instrument and a relatively large concentration of ae 


as internal standard. Amounts of acid similar to those used to dissolve the sample were 
incorporated in | the standards. -Kuemmel and determined lithium and sodium 
ductile cast iron and nodular | iron, the flame- photometric measurements being made after _ 
preliminary extraction of i iron by ether. Solutions prepared from 4-g samples and having ~ * a 
a final volume of 50 ml were compared with standards prepared by adding standard solutions aes 
lof sodium and lithium to a 4-g portion of a cast iron relatively free from these elements. . 
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_ The sodium line at 589-6 my. is subject to little spectral interference from other elements, ¥ 
although calcium in large amounts affects the background on the long-wavelength side of z 
it. The general procedure for determining sodium involves aspirating the sample directly 
and comparing the sodium emission with those of standards prepared from the ‘pure bulk ae 
metal and containing different added amounts of a standard solution of sodium. . Acid con- bi 


method, sodium has been determined in aluminium," aluminium: alloys, 13,14 Jead35,16 
7 fand lithium.” The sodium content of tungsten” has been determined in the residue after 
‘| tungsten has been sublimed from the sample by heating at 600°C in a stream of carbon 
a tetrachloride. When necessary, the standard-addition method can be used to ascertain wil g 
ig amount of test element present as contaminant in the “pure” metal used in the preparation — 
_ J of the standard solutions. For determining sodium in calcium metal,!* it was found to be 
_ | necessary to remove calcium by precipitation with oxalic acid and aqueous ammonia when 
only an interference filter was used to isolate the sodium light. ss 
| © Potassium suffers no spectral interference from components of the common metallurgical — 
aha | samples at the wavelengths of the red doublet, 766 and 769 my. In the violet, the line — 
_ Jat 404-4 my is subject to spectral interference from lead and manganese unless very narrow 
gan spectral-band widths are used. Potassium in bulk metals, e.g., aluminium,¢ lead,” lithium’* 
"  fand tungsten,!8 has been determined in a manner similar to that described for sodium. __ 
| The flame ‘should be a great help in determining rubidium and caesium. Each of these ‘ fas 
01 jclements has a pair of intense atomic lines; rubidium at 780 and 795 my, and caesium Ae 
_ 1852 and 894 mp. However, to realise the full potentialities of these lines, it is necessary > 
_ install a photomultiplier tube having an S-1 response or an infra-red image converter in place _ 
lof the usual red-sensitive phototube supplied with commercial instruments. __ Rubidium is 
subject to spectral interference from the potassium doublet at 766 and 769 my and the 
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py anthanum oxide band system centering around 791 mp. The - molecular-band systems from 
; o water tend to increase the background in the vicinity of the caesium line at 894 my, and the 
8 “} weak molecular-band systems of calcium, strontium and barium tend to cover the caesium | 
ining lines when large amounts of the alkaline earths are present. Caesium has been determined — 
‘lo Jin bismuth metal and in bismuth - uranium alloys by Wildy,2° who used the line at 852 my 

an image converter. Standards prepared from pure bismuth salts overcame the slight 


nsivi oni his co-workers* have described a solvent-extraction procedure for deter 


hould§ mining acid-soluble aluminium. For ferrous alloys, the iron was removed by extraction with — 
_ |/sobutyl methyl ketone from a solution 5 M in hydrochloric acid; the aluminium was then 


., calibration 
ilarll otassium ends toward the concentration axis at re 
potas: , the influence of self-absorption may overlap the i 
the a calibration graph that is upwardly concave initi p the ionisation effect, so producing © it. ea ee ce? 
ori absorption and ionisation effects are more " initially, but later becomes convex. Self- mie | | ae 
handling of sikeli serious in the hotter oxygen - fuel fi 4 
ume - mples and standard soluti ames. The (i 
utions of alkali metals present bl 
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DEAN: FLAME- PHOTOMETRIC METHODS IN 


 triomes as its cupferrate, into a known volume of isobutyl methyl ketone — an matetate 
~~ solution adjusted to a pH between 2-5 and 4:5. . The organic phase was aspirated directly 
_ into the flame, and the emission intensity of the atomic line at 396-2 my or the crest of the 


£ oxide-band head at 484 my was compared with standards prepared by similar cupferrate} 


- 4 extraction of aqueous standards containing aluminium. The atomic line and the oxide-band 
ee; § head have equal emission intensities in an oxygen - acetylene flame, but only the oxide band 
Bs _ is suitable when working with the cooler oxygen-hydrogen flame. 2s” 


copper- and nickel-based alloys, aluminium is extracted, as cupferrate, after copperj 


ar and nickel have been removed by separation at a mercury cathode. For magnesium-based J . 
- alloys, the aluminium cupferrate is extracted directly, without any prior separation.  Forf- 


> -_zinc-based alloys, zinc is removed by extraction of its diethyldithiocarbamate into chloroform, 


_ The aluminium is then extracted at pH 5-5 to 5-8 into a known volume of a 0-1 M solution of = 


2-thenoyltrifluoroacetone in isobutyl methyl ketone, and the organic phase is aspirated into} 


The direct method for aluminium in the ketone solution is far superior to the indirect 
method based on the depressive effect of aluminium on the flame emission of calcium. All 
other ions that might depress or enhance the calcium emission must be absent when the 


s An indirect method for determining beryllium in beryllium bronze has been reported 
: by Malinowski and Dancewicz.” After preliminary separation of beryllium by precipitation 


as hydroxide in the presence of ethylenediaminetetra- -acetic acid as masking agent, the 


beryllium hydroxide is dissolved in nitric acid and then added to a standard solution off 
strontium. The depression of the strontium line at 460-7 muy is fairly linear over the range 


_ 40 to 200 p.p.m. of beryllium when the standard contains 750 p.p.m. of strontium. ==> 
__ On the basis of the flame spectrogram of beryllium reported by Gilbert,* the direct 
determination of beryllium may prove feasible. The spectrum contains atomic lines at 
234-9 and 265-1 mp and an intense band spectrum in the green portion, with prominent 
heads appearing at 471 and 473 mp. Non-aqueous solvents might easily provide striking 
enhancement ent similar to to that ol observed for: aluminium.” 


e _ Fornwalt used solutions nating 60 per cent. v/v of methanol in water for determining 
boron in nickel-plating baths. Measurements were made at the 518-mp or the 546-mp 
4 band head, and corrections were applied for flame-background emission by taking readings 
at the minima on either side of the crests. Interference from aluminium, calcium, chromium, 
_ cobalt, copper, iron, manganese and nickel occurs at one or more of the band heads or back- 
ground minima ; the original paper by Dean and Thompson* should be consulted for details. 
‘Dutina* developed a method for boron-10 “‘burn-up”’ in stainless steel, zirconium and Zircaloy; 
he utilised the lithium-7 formed from boron-10 by neutron 


“nuclear-energy installations, was determined “a Gilbert.” He hod the line at 326- 1 my, 
after having increased the amplification | of the 1P28 photomultiplier tube to the point at 
which shot-effect noise became comparable with flame flicker. Cadmium shows up best in 


an air - hydrogen —. ia ee interferences arise when copper, calcium or iron are present. 


___ The resonance line of calcium, located at 422-7 my, is seuleid to ade calcium hydroxide 
band head at 554 mp. The former is in a portion of the spectrum free from flame-background 

; emission and from spectral interferences, except for a faint ionic line of strontium. The 
intense chromium line at 425- -4my should not cause any difficulty with monochromato 

- possessing good resolution. Serious inhibition is encountered from sulphate, phosphate and 
other | elements capable of existing as anions in the flame, ¢.g., aluminium, chromium, ‘iro 
and zirconium. Hypotheses about the nature of the depressive effect have 


by several workers. ee It is presumably caused by the formation of a compound | betwee 
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calcium and of w volatility. Inhibition is less w when ‘the flame 
temperature is high. Interference from phosphate and sulphate has been overcome in a : 
novel method described by Yofé and Finkelstein 
_ The determination of calcium in tungsten’ and in nickel® has been reported. . In bulk 
nickel samples, the nickel, together with other minor constituents of the sample, is removed — 
by separation at a mercury cathode, and any aluminium present is extracted, as oxinate, _ 
at pH 9. The residual solution is evaporated to dryness, the residue i is dissolved in N hydro-— 
-chloric acid, 40 per cent. v/v of methanol is added, and the calcium emission is then measured ee 
_ Kuemmel and Karl" determined calcium and magnesium in ductile cast iron and nodular 
iron. Phosphorus was the only element causing interference in considerable magnitude. _ a 
| Although phosphorus was partially removed, as phosphine, during solution of the sample, oo 
enough was retained to affect the determination of calcium and, to a lesser extent, magnesium. Ss 
Compensation was achieved by using standards prepared from pure cast iron, the phosphorus | 
contents of the standards being within 0-02 per cent. of those of the samples. Manganese — . 
| caused a slight decrease in the calcium intensity, but this decrease was constant for between - 
0-25 and 1-25 per cent. of Manganese. _ The use of standards containing manganese in this 
range compensated for the suppressing effect on calcium . The flame-photometric measure- 
ments were made after preliminary extraction of iron by ether. Solutions prepared from 


standard solutions of sodium, calcium, magnesium and lithium to a 4-g portion of a cast | Pi 
iron relatively free from these elements and having phosphorus, carbon and silicon ll J ; 
approximately equal to those of the test samples. The standard- addition arpugy would be 
more convenient and should circumvent the interferences enumerated. = 

_ Abresch and Dobner® have discussed their experience with flame - methods fo 


eter- 


From n many types of pen and cast-iron samples and aluminium-based alloys, silat 
al Dean* selectively extracted chromiumY! with isobutyl methyl ketone from an aqueous ~ 
solution M in hydrochloric acid and maintained at the temperature of an ice-bath. — The 
organic extract was aspirated directly into the flame, and chromium emission was measured ay 
at 425-4 mp. — Although some iron, about 2-5 per cent. of the original concentration, accom- 
panied the chromium in the extract, it did not interfere and, if desired, , could be largely = 
removed by washing the organic phase once with fresh M hydrochloric acid. — _ The addition a : a 


_Less successful are the methods used by Burriel-Marti and his co-workers® and 
ium,§ [keda,3* wherein the chromium emission is measured on the original aqueous solution. 
pack- Numerous interferences are encountered from other elements and acid anions. 
i _ Wever, Koch and Wiethoff*? have determined the ferrite composition of steel. The | ra 
carbides in chromium - manganese steels were isolated electrolytically, and the chromium, 
| iron and manganese dissolved in the citrate electrolyte were determined. Standards of 
| each of these elements were prepared i in a similar citrate solution. Sulphate ion influenced — 
] the intensity of the chromium and iron lines, and results were correct a when equivale 
amounts, or of sulphate to metal ion were present. 
the n numerous emission lines of ally line at 387: my. is ‘not ‘subject 
interference from nickel; it is also well separated from the intense iron line at 386-0mp. _ 
No satisfactory method has been reported for determining cobalt in steels, although Burriel- 4 
Marti and his co-workers studied the problem.*® _ Unfortunately, these workers used wide 
slits and were unable to resolve the closely spaced emission lines of cobalt (and nickel) from 
those of iron, chromium and manganese. It should be possible to devise | a suitable solvent- 
extraction method, as described under “Copper.” 
4 Galloway*®* determined cobalt, copper and iron in cobalt mattes and concentrates. Iron 
was removed by double extraction with an ethyl methyl ketone - chloroform mixture, and 
the combined extracts were washed with fresh 8 M hydrochloric acid. After removal | 
of the solvent and destruction of any organic anette he residual salts were dissolved in 
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DEAN: FLAME- PHOTOMETRIC 


heated to remove organic solvent and concentrated. Sufficient isopropyl alcohol 
= added to give a concentration of 10 per cent. v/v in the final solution. _ Cobalt and copper Bat 3 


measured at 3 and 324-7 mp, respectiv Ry 


Able, Comme 


For ail of non-ferrous Dean® atomised the dissolved directly i into 
_ the flame and measured the copper emission at 324-7 mu. Any of the common acids could 

_ be tolerated at concentrations up tol] M. When present in large amounts, tin and antimony |= 
were volatilised as their bromides. In cobalt mattes and concentrates, copper has been hs 
determined in the aqueous solution after removal of iron*® (see under Cobalt”). = fF and 
For aluminium-based alloys, Dean and Cain® selectively extracted copper, 


and nickel (plus any cobalt present), as their diethyldithiocarbamates, from a citrate-buffered J alun 

~ solution. — isoButyl methyl ketone w would be a superior solvent to the chloroform used by J equi 

ferrous ; alloys, Dean and extracted ‘copper, as salicylaldoximate, into chloro- 


_ form or m-amyl acetate from citrate solutions buffered at pH 3. The iron was masked, and 


— Meloche and Beck determined gallium i in copper - - gallium alloys.“ The dissolved sample 
= atomised directly, and the gallium emission was measured at 417-2 mp. _ No emission 
he of other elements occur in the immediate vicinity, but zinc, indium, manganese _ 


aluminium slightly affect the emission readings. 


Meloche and his co-workers also determined indium in copper - aluminium alloys, 
7 sample being dissolved and the solution atomised directly. The indium emission was 
. : = at 451-1 mp and compared with compensatory standards . Gilbert has determined . 
amounts of indium to a film evaporated on supporting surfaces.“ 


Numerous emission from. Asa result, for 


“alloys, Dean and Lady* extracted a sample adjusted to pH 0- 5 with six successive portions 
of acetylacetone. Later work by Dean and unpublished studies by O. Menis and T. C. Rains 


_ hydrochloric acid is sufficient. With either solvent, the organic phase is aspirated into the 
flame, and the iron emission is measured at 372-0 or 386- 
For cobalt mattes, iron is measured after extraction by ethyl methyl ketone, as described 
under “Chromium.” For carbides, iron is measured, after isolation, in the 
_ citrate electrolyte; t this i is also described under “ ‘Chromium. ail ecninfa sil 2 
no methods have been reported for lead in alloys, lead has two. 
useful lines at 405-6 and at 368-3my. It can be’ extracted into several organic reagents, 
thereby incorporating the enhancement attainable with organic solvents, as has been done 
_ the determination of lead in gasoline. 


Situated at 285-2 my, the atomic line of magnesium is sensitive, but unfortunately it 
} lies in an OH-band system and requires correction for the flame background; such correction 
: is difficult to achieve. Prominent band systems due to molecules of magnesium hydroxide 
- appear at 371 and 383 my. . Again, correction for flame- background emission is difficult 
7 because of the breadth of the molecular-band systems. The atomic line is not subject to J 


serious spectral interferences from other elements; by contrast, the band crests are susceptible ke 
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or a hydrogen - perchlorylfluoride flame, a sharp and intense magnesium fluoride band appears me 
_ For aluminium alloys, the aqueous sample is aspirated without preliminary treatment 
and the band head at 383 my is measured. — Standards must contain amounts of aluminium 


_ Abresch and Dobner® have discussed their experience with flame methods for deter- 
mining magnesium, Kuemmel and Karl! have determined magnesium in ductile cast 
jron and nodular i iron as described under “Calcium.” 


- The very — line at 403-3. mp is generally used for the determination of manganese, Bis! 


and serious spectral interference arises when gallium or potassium is present. Proper r Correc- — 
tion for background radiation and the addition of standards overcome difficulties: from 
aluminium, calcium, iron, reer ane: and sodium when these elements are present in amounts 


w with and the directly into the flame 


‘Like the pam elements of the first triad of group | VIII, nickel has a spectrum rich in 

‘lines. Cobalt interferes with all the major emission lines of nickel except that at 361°9 9 mp, ae 

and iron interferes with all major nickel lines except those at 341-5 and 345-3mp. és 

we No satisfactory method has been reported for determining nickel in ferrous alloys, although | ‘ si. 

_ Burriel-Marti and his co-workers* have described a method in which nickel is precipitated sa 

with dimethylglyoxime and extracted with chloroform, and the organic phase is stripped _ ; 

with 5 M hydrochloric acid. For aluminium alloys, Dean and Cain“ extracted nickel, as 

diethyldithiocarbamate, into chloroform and aspirated the organic phase into the flame; See 
cobalt, if present, interfered. In nickel-plating baths, Fornwalt™ Gotermined the nickel 

after adding 40 per cent. v/v of methanol to intensify the emission. _ 

rhodium and palladium have sensitive and line- ‘spectra. Menis 
: Rains have used flame photometry for determining ruthenium and palladium in certain nuclear- _ 
energy applications. They used aqueous solutions containing 50 per cent. v/v of methanol ay. 
or acetone to enhance emission from ruthenium ; ; palladium was extracted, as the «-furildioxime “a &§ 
into isobutyl methyl ketone, and the organic phase was aspirated into the flame 
Platinum exhibits two weak lines, neither of which are useful, and osmium and iridium = — 
exhibit no lines. Platinum, rhodium and palladium have been determined in the one - 
of amounts of lead and iron™ by | atomic- -absorption spectroscopy. 


intensities. All the spectra are lomabed closely together, and ‘spectral interference is common, 
particularly with adjacent members. Lanthanum has been studied in methanol - wate : 
solutions by Menis, Rains and Dean, who have also extracted lanthanum with 2- -thenoyl-_ <4 
trifluoroacetone in isobutyl methyl ketone to circumvent certain interferences. Yttrium 
has been studied by J. A. Dean and W. J. Carnes, in unpublished work, an extractive method © 


R 


‘Of the silver emission lines at 328-0 and 338-3 latter is since it 


less subject to self-absorption, and the flame background not contain the remnants 
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39. ‘Dean, J. A., Anal. ‘Chem., 1955, 27, 


the OH-band that the former line. A. Dean | 
and C. B. Stubblefield have made a thorough study of the silver lines. Nickel and cobalt } 
have a series of lines in the vicinity of the silver line at 338-3 mp, and the presence of calcium 
and tin increases the flame-background radiation. Narrow spectral-band widths are required 
to separate the silver line at 328-0 my from the copper line at 327-3 mu. esd based sd¥ Be: | 

_ Galloway®* determined silver in blister copper by precipitating silver as chloride, | 


dissolving the precipitate by successive treatments with aqueous ammonia and hot 20 fee | 


cent. nitric acid the none of the 
interfered. 
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REPORT PREPARED BY THE METALLIC IMPURITIES IND 
4 ORGANIC MATTER SUB- ‘COMMITTEE 


The Determination of Small Amounts o 


THE Analytical Methods Committee has received the following report from. its Metallic 

Impurities in Organic Matter Sub-Committee. The Report has been approved by the Bs 


td "When the Metallic Impurities in Organic Matter Sub-Committee was reconstituted in _ 
1955, with a remit from the Analytical Methods Committee to investigate the determination 
of small quantities of metals in organic matter, one of its first tasks was to investigate the © 
determination of arsenic by the molybdenum-blue method. The Sub-Committee’s —— 
on this investigation and the recommended procedure $ for the method (Appendix | I, p. 635) 
oP: The Sub- Committee concluded that the ‘molybdenum-blue method, | , being a spectro- 
photometric determination, has inherent advantages over the Gutzeit method, which may be a As 
regarded as an estimation rather than a determination, since it depends on the evaluation of : 
the intensity of a stain on a test paper, and the judgments of individual analysts may differ es 
slightly. Nevertheless, within this limitation and provided that the details of the method 
are strictly observed, the Gutzeit method is adequate in many circumstances, particularly — 
when it is necessary to ascertain whether or not an arsenic content exceeds a certain limit. 
It is also less intricate and time-consuming than the molybdenum-blue method. martes aca erpies 
_ _ For these reasons the Gutzeit method (based on “The Determination of Arsenic i in Food 
Colouring Materials,” Report No. 1 of the Sub-Committee on the Determination of Arsenic, 

, | Lead and Other Poisonous Metals in Food-Colouring Materials! has been revised to | woes 
_ §f it up to date and to widen its scope, and the recommended procedure is given in sick ied Iii 
The members of the Sub-Committee were Mr. T. McLachlan (Chairman), Mr. L. Brealey, 
Miss E. M. Chatt, Messrs. J. C. Gage, T. T. Gorsuch, C. L. Hinton, E. I. Johnson, W. C.— 
Johnson, I. MacIntyre, F R. F. Milton, G. Taylor* and G, E. Willis.* In July, 1958, Mr. W. a 
Johnson succeeded Mr. McLachlan as Chairman. From 1956 1958 Mr. T. T. ‘Gorsuch — 
held a Society for Analytical Chemistry Research Scholarship, and, working at Harwell under 
the direction of Mr. A. A. Smales, carried out n radiochemical investigations.* 
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AN. ALYTICAL METHODS COMMITTEE: “THE ‘DETERMIN ATION (Woh. 


Molybdenum-blue Method 


ts. 


Wyatt.’ matter is destroyed by wet oxidation, and the arsenic, after extraction 
with diethylammonium diethyldithiocarbamate solution, is converted to the arsenomolybdate 
- complex, which is then reduced by means of hydrazine sulphate to a molybdenum-blue com- 
pound and determined absorptiometrically, 
_ Towards the end of the Sub- Committee’s investigation special efforts were made to the r 
establish the lowest quantity of arsenic that could be determined with reasonable accuracy § joeces 
_ by the final method. This was considered to be a quantity not less than the blank normally fF 
encountered in industrial districts, and, therefore, involved work to minimise this blank. § Decc 


‘ 


_ Throughout this work the main sources of error in the determination of micro quantities 0 “ = 

arsenic by any method—as summarised by Satterlee’—were in n mind. meth 

REDUCTION OF ARSENOMOLYBDATE TO MOLYBDENUM BLUE— a 

7 7 ‘The first point to be settled by the Sub-Committee was the selection of the most suitable _ 

reducing agent for giving the final molybdenum-blue complex, and the choice was narrowed i t oo 

to either stannous chloride or hydrazine sulphate. A solution containing 0-615 per cent. of § a 
arsenic was tested with each of the reducing agents. Results by both methods were accurate, 

but there was a slightly greater vari variation in the results by the stannous chloride ride reduction, . vhlos 


-COMPARISON BY COLLABORATING LABORATORIES OF STANNOUS CHLORIDE AND 
_ HYDRAZINE SULPHATE AS REDUCTANTS FOR THE DETERMINATION OF ARSENIC, 


IN A SOLUTION CONTAINING 0-615 PER CENT. (AS — of th 
Stannous chloride 0-60 061 


aes allie examination of the coloured complexes showed that the stannous 
chloride reduction gave an unstable moly bdenum-blue complex having no well defined peak 
absorption, only a broad absorption plateau at approximately 700 mp. This complex 
slowly changed into a stable complex (in approximately 24 hours) that appeared to be 
_ identical with the complex produced immediately by the hydrazine sulphate reduction, 
since both had a well defined peak absorption at approximately 840 my. The method 
- resulting in the immediate formation of this stable complex was therefore considered to be 
the more suitable. It was evident that the stannous chloride reduction gave satisfactory 

_ results when used in conjunction with a filter absorptiometer if a strict time schedule was 
_ followed, but the hydrazine sulphate reduction used in conjunction with a spectrophotometer §f (oy: 


would prove a more sensitive method independent of any time factor, = = 


_ The Sub-Committee decided to use hydrazine sulphate on the grounds that (4) it it formed 
a stable complex immediately, (ii) the complex was less affected by variations in acidity Jj oot 
‘ 


of the solutions® and (77) the reagent was stable and contained no metal ions; material of 
analytical-reagent grade was satisfactory and readily available. After discussing the accuracy 


of various instruments available, it was decided that, for maximum accuracy, the use of was 

a spectrophotometer should be specified, and that measurements should be made at a = 
wavelength of 840 my for greater sensitivity. | met 
‘Three’ methods for the s separation of the arsenic before the 


complex were considered: (a) distillation as arsenic trichloride, arsenic tribromide or arsenic 
_pentabromide, (b) volatilisation as arsine and (c) extraction by a thio compound. It was 
finally decided to use extraction by a thio compound (diethylammonium diethyldithio- 
carbamate), with preliminary distillation as arsenic trichloride when excessive amounts of 
heavy metals or insoluble matter were The arsine isolation was Tejected | because 
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(i) it necessitated an absorption stage, which was likely to be the chief source of error in th 
procedure and (i) the absorption solutions used, viz., mercuric chloride - - potassium perman- 


ganate, iodine - sodium bicarbonate or “hypobromous- acid, could introduce undesirable . 
complications into the subsequent hydrazine sulphate reduction procedure. 
_ When using sodium ethylxanthate as extractant, one laboratory had obtained low 
| recoveries of arsenic at low arsenic contents, but highly satisfactory results had been edt oe lle eas a 
over a long period with diethylammonium _diethyldithiocarbamate.* The Sub-Committee = i 
therefore agreed on the use of diethylammonium diethyldithiocarbamate. Heavy metals 
| that form complexes with this reagent under the conditions of the test can be tolerated in 
the method up to a limit of about 1000 yg in all. When this amount is exceeded, it is 
necessary to isolate the arsenic by distillation before carrying out the extraction procedure. 
| The Sub-Committee agreed that a wet-oxidation procedure must be specified, as no- 
mote of dry oxidation could be relied he to give complete recovery of arsenic. — rigs 
Silicon, phosphorus an and germanium um also combine with molybdenum forming heteropoly-— BS 
acids that give the molybdenum-blue colour on reduction. Silica is removed by filtration i 9 
after wet oxidation, and if traces of silicon compounds persist (from contact with glassware), § 
little or no blue complex is formed from the molybdosilicate in the acid conditions specified “4 


in the recommended method ; interference by phosphate is completely prevented by the inclu- 
sion of an acid washing after isolation of the arsenic diethyldithiocarbamate complex in | 
chloroform; germanium is so rarely encountered that it was not considered by the Sub- 
Committee. The method is, therefore, for arsenic all normal circumstances. 


q y Briefly, the proposed method, full details of which are given in Appendix I, consists _ ae 


(a) The material is wet oxidised with nitric acid, sulphuric acid and perchloric acid. 
(d) |The arsenic is extracted with diethylammonium diethyldithiocarbamate i in chloro- a 


re | () c) The organic matter is destroyed, and the arsenic is combined with molybdic acid i 
or to produce the arsenic - molybdate complex. The arsenomolybdate i is then reduced = ; 
with hydrazine sulphate to a molybdenum-blue complex. 

he (a) The arsenic is determined by measuring the optical 
on. ; of the molybdenum-blue complex at a wavelength | of 840 my and referring to a 4 

be (On In special instances when, after wet oxidation, ‘the solution contains appreciable 

ory _ quantities of heavy metals or much insoluble matter, the arsenic is isolated ale 

was distillation as the trichloride le before extraction as dithiocarbamate — 


ter COLLABORATIVE. TESTS OF PROPOSED METHOD— 


ill 7 _ a) Series i—The first collaborative tests ie the determination of arsenic were Ba 

lity § three : samples of organic material by the procedure decided on in the tea cittils investi- 

| of gation. The results are shown in Table II. 

_ Agreement was good for Sample 1, in which the arsenic > content was high, “eae difficulty 

was experienced with Sample 2, which did not wet oxidise easily and, being a medicinal 

t a § Compound, contained only a trace of arsenic. The results for Sample 3 suggested that the 7 

~~ | method might not be adequately safeguarded against phosphate contamination. This point — 

examined very thoroughly by two members, who reported the results in Table Il, a 


Series -2—Further collaborative tes tests were made with new samples of material 
representing various levels of arsenic content, viz., a fresh batch of tobacco powder, dried 
milk and reconstituted blood plasma. A known amount of arsenic was added to the blood 
plasma. The results obtained i in six laboratories, A to F, are shown i in Table IV. | _A seventh — = ea 
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es results in Table IV were not in as good agreement as was expected. hiner 
on the whole, the results were consistent in each laboratory, they varied rather widely between @ ] 


a ) the results for the tobacco powder were satisfactory, the slight variations being | 
__ caused 7. the Presence of a fair amount of insoluble matter after: wet oxidation; | | 


: Gi) the results for. ‘the dried milk indicated that this low level of arsenic content was 
Aco a the lower limit of accuracy of the method and that more work was neCetey 


4 


_ (#4) the results for the blood plasma were at variance with the reputed content of added ] 
arsenic. This could be due to (1) variable loss of arsenic during the wet-oxidation 
| van stage, (2) lack of homogeneity in the epee plasma or (3) adsorption on the 
surface of the plastic containers. _ 


DETERMINATION OF ARSENIC IN THREE DIFFERENT TYPES OF ORGANIC ‘COMPOUND 

Sample 1: procaine hydrochloride wit 5 p.p.m. of As,O, (= 4-05 p.p.m. of As) 


TABLE III dite ig 


Further still was then done t to clarify the v various points a arising , from thes results shown 


independent o f wet reproducibility of the actual 
a _ determination of arsenic was checked independently of potential wet-oxidation errors, one 
laboratory (G) wet oxidising a large sample of the blood plasma and distributing representative 
_ samples of the wet-oxidation product to four other laboratories for determination of the 
arsenic, The results (Table V) showed that good agreement was achieved between the 
laboratories. It was concluded, therefore, that the method of determination was sound and 
_ that the variation in the results for blood plasma must have been due ee ae 
(a) Wet-oxidation procedure—The accuracy of the combined wet oxidation and deter- 
mination of arsenic was further checked by two laboratories (B and D) wet oxidising identical 
‘ samples of dried blood = to which known amounts of arsenic ow pg of capil were added 
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the of Table I I by. 
Sample 1: procaine hydrochloride with 5 5 p.p.m. of added A re 8. p-p.n m. 


Sample 2: Antrycide 
Sample 3: tobacco powder 


red (e) Lower limit o rf the method—The in the results for the dried milk | (Table IV), 
particularly when different weights of sample were used, indicated that the arsenic Content 
| was below the lower limit of accuracy of the method. “Tn the determination of traces of © 
| elements by a colorimetric procedure it is axiomatic that the blank value must not exceed 
| the net experimental value. The — densities of blank tests reported by the laboratories es 


Sample 4: tobacco (second : sample) hotitmenio io. 
ae 6: blood plasma with added arsenic equivalent t to 3-4 p.p.m. of As — 
Weight of _ Arsenic (As) — Weight of Arsenic (As) Weight of _ Arsenic (As) a 


Sample 6 


8 
a 


Soa 


0: 175 
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* These results were obtained by neutron activation, the nena of Smales ond Pate! being used. 
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_ Arsenic (As) found, p.p.m. 


values of the blank were ‘to 0-01 to 0- to the O15to 
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J 
— 
mat Ss 
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Wore — 
of 0-6 to ug ofasene 
hod was in the range of 0-6 to 1-5 ug of arsenic, 
a fm @ of arsenic. Hence the lower limit of the met a os 


ie 0 45 ug of arsenic. ef An optical- density value as low as 0-007 was reported from one laboratory | 
- when: these purified reagents were used, although such a low blank brings in the question | 
. . _ of the accuracy of the spectrophotometer in this region. _ It is considered, however, that use 
_— of these purified reagents would extend the range of the method down to 0-5 yg of arsenic 
_ should tests at this level be called for. This view is supported by the statistical treatment 
oft the results obtained (see Table VII) in the final collaborative work. 
4 


a (f) Final collaborative test: recovery experiments—To complete the work on ‘the 


deter- 
Be _ mination of arsenic it was decided that recovery experiments should be performed over 
gg a the range 0-5 to 10 yg of arsenic, each laboratory adding the requisite amounts of arsenic. 
7 a to samples of sucrose known to be arsenic- -free, thereby avoiding possible trouble due to lack 


of homogeneity in circulated samples. At the lower range of 0-5 to 1-0 yg of arsenic, the 
reagents used were to be extracted with diethylammonium diethyldithiocarbamate before 
am use. The results of these tests are recorded in Table VI. These results were treated 
statistically and the standard deviations [S.D. = 


/ /(n and coefficients of variation 


RESULTS OF RECOVERY EXPERIMENTS. ad 
- Assenic added to 5 5-g samples of sucrose ; purified reagents used for the low 
range of 0°5 to 0 of arsenic, but unpurified reagents for the higher 


a4 


A | Laboratory E, Laboratory F, Laboratory 


From Table VII it can be seen that the coefficients o of variation at the lowest levels, 2-0, 

1-0 and 0-5 pg of arsenic, are not significantly different. This unexpected occurrence is held to 
confirm fully the value of using purified reagents for this low level of arsenic and thereby 


extending the range of the below that — attained with 


. 
; = 1. The method recommended i in Appendix I is capable of giving nna ae accurate 
r 


— for the the arsenic content of organic ‘matter in the Tange | 1- 5 to 15 yg of “arsenic. — Pea 4 


2. _ Ther range of the method can be extended t to ‘the los lower r level of 0-5, pg “of arsenic : 
by the use of f specially Purified reagents. Fae 

ro 3. Adequate : safeguard is provided by silicon phosphorus; 
there could be interference be by germanium, but this rare element is not likely to be present. 
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io - 4. In tha that the » molybdenum- blue method is is a spectrophotometric de determination it has 
- inherent advantages over the Gutzeit method. The latter is an estimation rather than a 
3 determination, depending as it ¢ does upon visual i comparison wi with standards 


_epconaexpg METHOD FOR THE DETERMINATION OF SMALL AMOUNTS | 

OF ARSENIC BY THE MOLYBDENUM- BLUE METHOD 

After destruction of the « organic ‘matter by 1 wet oxidation and a preliminary extraction 
with diethylammonium diethyldithiocarbamate solution, the arsenic is converted to the ‘ 
-arsenomolybdate complex; which. is then reduced by means of hydrazine sulphate to a = 
molybdenum-blue compound and determined absorptiometrically, 
___ If, after destruction of organic matter, the solution contains more than a total of 1000 pe 
of heavy metals that form complexes with diethylammonium diethyldithiocarbamate (i.e., 
copper, bismuth, antimony, mercury, tin and the noble metals) or contains much insoluble fang 
matter, the arsenic must be as trichloride before the procedure is begun. 


For 15 to 15 (as As) in the taken. The a 
extended down to 0:5 pg of arsenic by using reagents purified by extraction with diethyl- — 


ammonium diethyldithiocarbamate before use (see under “ Reagents”). 


_ The method is suitable for the analysis of most types wes organic material. It is specific om 
for arsenic in all ordinary of interfer > by germanium 
has not been been investigated. — 
All glassware be of borosilicate glass and must be ¢ thoroughly cleaned with 
_and nitric acids and then thoroughly washed with distilled water immediately before use to ensure that _ 


does not yore traces of arsenic under the conditions test. rest 


Simple ‘ ‘cold finger” condensers—These consist of small test-tubes with flanged mouths, : 
fitting loosely into 50-ml conical flasks. _ When the condenser is -aledeasiorsa’ the bottom z- 
should be; about 10 to 15 mm from the bottom of the flask (see Fig. 1). 


a Separating funnels—25-, 50- and 100-ml calibrated separating funnels, with well fitting — 


7 glass stopcocks and stoppers and with the stems cut short to within about inch of thestop- q 
The following ‘additional is required if ‘the distillation procedure is 


oo. Kjeldahl flasks—These should have a capacity of 100 or 200 ml and be made of boro- a 


‘silicate glass or silica, fitted by means of a Quickfit joint (B19 or B24) with a 2-bulb « or -bulb 

condenser carrying a tap funnel (see Fig. 2). It is an advantage to have the condenser inter- _ 2 

changeable with the condensing extension to the decomposition flask, so that the arsenic can ie j 


be distilled fi from thi the same flask i in which the wet decomposition is carried out. _ aoe Pe ae 
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acids ‘for foodstuffs can be used for the determination of arsenic 

To obtain accurate results at low | levels of : ervenic: (down to 0-5 yg of of As), certain in reagents 

"should be purified by the methods described in Appendix II. Fiat. 


Reagents for the of matter are the methods 
Thioglycollic 12 g of thioglycollic acid (90 per cent. v/v) to 100 
with water. Store in an amber-coloured glass bottle, and discard after one month. | 
Potassium iodide - ascorbic acid solution—Dissolve 15 g of potassium iodide and 2-5 g 


of ascorbic acid in water, and dilute to 100 ml with water. This reagent should be prepared — 


2, Kjeldahl flask. Flask A has a 
z capacity of 100 or 200 ml and a neck ian Bie = 
of 7 to 8 inches; bulbs B of condenser are aye! ‘2. 
of 25 ml capacity, total length of condenser 
being 18 to 20 inches. The unlettered 
‘bulb should be of 25 ml capacity for the 
_three-bulb type of condenser or s 


be 
omitted in the two-bulb 
Cc hloroform—Redistilled. 


Dithiocarbamate reagent—Dissolve lg 


of pure 
dithiocarbamate (analytical-reagent grade) in 100 ml of redistilled or analytical-reagent grade 


‘chloroform. Store in an amber-coloured glass bottle. This solution is not stable and should 
‘be discarded after ome week, 
| § Sulphuric acid, N—Prepare from from arsenic-free sulphuric acid, sp.gr. 1-84. Store in a 


Acid ‘molybdate solution—Mix exactly 250 ml of 10 N sulphuric acid (accurately stan- 
dardised) with exactly 250 ml of a 7 per cent. w/v solution of ammonium ‘ae 
_(NH,),Mo,0,,.4H,O, in water. Filter into a 1-litre calibrated flask, washing the filter ry 
water, add exactly 250 ml of 4 N perchloric acid (accurately dilute t 
litre at 20° C with water. Store in a polythene bottle. 
= Hydrasine sulphate sok solution— —A 0-030 per ce cent. t. w/v s solution i in water. 
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Standard arsenic solution—(a) Dissolve 4:i7 g of NasHAsOy 7H 20, 
_ (analytical-reagent grade) i in water, and dilute to 1 litre at 20° C with water. siaatigid dk apnea 


Dilute 10-0 ml of solution | (a) to 1 litre at 20°C with water. solution 


q 


& Chloride - hydrazine - bromide mixture—Grind together intimately : a mixture ‘(parts k 
oe blank—Carry out a blank test by the entire procedure using the precise nial, fer 
of reagents used in the test and omitting ag only t 
General Methods for the Destruction of Organic Matter appear in a separate report? — i it 
ana of these, Methods of Wet Decomposition (I) A, (I) B, (I) C and (I) D with continuation — i 
I) (0) 1 are suitable for use in the determination of arsenic, the particular method being t 
to suit the type of sample’ to be analysed. In no circumstances should more than 
When the expected arsenic content is such that the amount of sample taken can be 
Fr than 5g, and if the arsenic is to be extracted directly from this solution, the amount 


| : weight) of sodium chloride, 5, hydrazine sulphate, 0-5, and potassium bromide, 0-02. 


of sulphuric acid can with advantage be reduced fro rata, but in no case to less than 5 ml. ee 
This reduction of acid will have no deleterious influence on the subsequent extraction of | 


_ All reagents used in the decomposition must be measured so that the same amounts a ih 


HTN N ore—It i is commonly acc accepted that excessive charring ners stage ge of the wet decomposition 
will lead to loss of arsenic, especially in the presence of chloride. Gorsuch* has shown that in 
certain circumstances, at least, such losses do not in fact occur, but, in view of the limited range 
‘a _ of the experiments referred to, it is considered that the usual precautions against excessive charring | 


se 
PRELIMINARY TREATMENT OF THE DIGEST (WHEN NECESSARY)— 


‘This procedure is carried wt on the test solution and the blank solution after the 
destruction | of matter “only 1 if one or both of the meds 100 i S is 


on Notz—In the distillation method it is important to use the relative amounts of reagents ine oD 
specified, as this ensures a steady evolution of hydrogen chloride gas throughout the distillation, _ 
_ which is essential to the success of the method. Serious divergence from the recommended a, a — 
is liable to lead either to too vigorous a reaction in the early stages of the distillation, whereby 
arsenious chloride may be swept through the receiver, or to the evolution of water, with consequent e 


failure to obtain quantitative entrainment of the arsenic. 
a following directions assume that 8 to 10 ml of sulphuric acid have been used in the © 
wet decomposition. If less acid has been used it should be supplemented at this point. __ 
Br the wet decomposition has not been carried out in the Kjeldahl flask of the distillation - . 

_ apparatus (Fig. 2), transfer the solution to it, site in with the cameo ro of water, 


of the flask, and fit the condenser, moistening the joint with water to prevent leakage. Clamp 
a the apparatus so that the condenser is vertical, with its tip reaching just short of the bottom 
a a 25-ml measuring cylinder containing 15 ml of water, which is cooled in ice and water. 
Add 10 ml of hydrochloric acid to the contents of the flask through the tap funnel, and care- - 
Heat the flask with a a ‘microburner at a rate such that the contents are brought to boiling 
in not less than 30 minutes. After the condenser has become full of steam, continue to heat 
the flask so that the distillation proceeds smoothly for 3 to 5 minutes. During the whole © 


of this particularly at the moment when steam reaches the cold water ater 
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the receiver, care should. be taken to prevent a suck back. distillation must not 
_ be taken too far, i.e., fumes of sulphur trioxide must not appear. When the distillation : a oof hy 
is complete, open the tap, remove the burner, and disconnect the condenser. Wash | down cyline 
the condenser once with a few millilitres of the in the cylinder. 
) If the distillation procedure has not boon cavvied ou—~Dilute the solution from the 
denen of organic matter with 15 ml of water, boil gently for a few minutes, cool to about ff * a 

70° C, add 10 ml of hydrochloric acid, and allow to cool. Transfer the solution to a 100- ml ad th 


conical flask, filtering if the solution is not clear and rinsing in with the minimum amount — igs 


If the distillation ‘has been carried out—Transfer the distillate, without 


mae addition of hydrochloric acid, to a 100- ml conical flask, rinsing in with the minimum H " pe 
_ Warm the solution from (a) or (0) to on 40° Cc, add 2 ml of thioglycollic acid ston, from 
a ‘mix well, and set aside to cool far’ 15 minutes. Then cool the solution more rapidly (e.g., in ae 
= bath of ice and water) to room temperature, add 1 ml of potassium iodide - ascorbic acid PREP. 
_ solution, wash down the sides of the flask with a few millilitres of water, and mix carefully. 7 =. 
Transfer the solution to a 100-ml calibrated separating funnel containing a few millilitres b flasks 
Zz chloroform, washing out the flask with several small portions of water. The volume of § well, 
_ the solution at this stage should be 45 to 50ml. Add 5ml of dithiocarbamate reagent, the sc 
shake vigorously for 40 seconds, remove the stopper, and wash it with a few drops of chloro- 10-ml 
form. Allow the layers to separate, and then run the lower layer into a clean 25-ml separating washi 
_ funnel, taking care not to allow any of the aqueous layer to enter the tap of the first funnel. § soluti 
_ Wash the aqueous layer twice with about 0-5 ml of chloroform, without mixing, and add _ and | 
_ the washings to the main extract. Extract the aqueous layer with a further 2-ml portion § 30 mi 
of dithiocarbamate reagent, shaking for 30 seconds, and allow the layers to separate. Run (cont 
the chloroform layer into the second funnel, washing twice with 0-5 ml of chloroform, as before, Const 
and adding the washings to the main extract. Reject the aqueous layer. staal ie "Te 
Add 10 ml of N sulphuric acid to the combined extracts, shake for 5 seconds, and allow a 
the layers to separate, 
| aN Note—The treatment with N sulphuric acid is introduced mainly to prevent any interference | — 
“from phosphate possibly present in the material being examined. Even a trace of entrained et then 
! Ie fo which, on reduction, would give a blue colour and 
Run the chloroform layer into a 50-ml conical flask, wash the sulphuric acid layer with a 
small portions of chloroform, without mixing, and add the washings to the chloroform 
solution in the flask. During this operation care must be taken not to allow any of the — 1: 
aqueous layer to enter the tap of the funnel. ine 
_ Add 2-0 (+0-02) ml of acid molybdate solution, measured accurately from a tube f pipette, a polyt 
to the chloroform solution, close the mouth of the flask with a glass bulb, and wie agai the ff a 
_as little as possible of the acid residue i is sprayed up the sides of the flask. _ When the chloro- on: 
a form has been removed, transfer the flask to a hot-plate, and evaporate until fumes of per- shoul 
os chloric acid appear, accompanied by a sudden reaction. Continue to heat for about 1 minute more 
(not longer), allow to cool, and remove the glass bulb, washing it with a few drops of water. Bnot b 


Evaporate the contents of the flask just to fuming again, without the glass bulb in position. sa with 
All traces of organic matter should have disappeared by this stage, = ch analy 
_ Insert into the flask a “cold finger’ condenser (Fig. 1), filled almost to the brim with Jf 


wi 
cold water; the outside of the condenser must be clean and dry. Place the flask on the “ tae 
a hot-plate (a hot-plate with a surface temperature of approximately 250°C is suitable for fina r 
_ this operation), heat for 10 minutes at a temperature such that a “blanket’”’ of fumes about - 
half fills the flask and the temperature of the water in the condenser rises to about 90°C ff — 
aes (+ +5° © at the end of the 10-minu minute heating period. — _ Then allow the solution to cool. ~ 
4 Wa ash down the oundeness and the sides of the flask with 7-0 ml of N EN acid minec 


and then with 2-0 ml of water (use a tube pipette for both additions). _ _ Close the flask with — — 
a a glass b bulb, , and b boil il until the total volume is reduced to bs or 7 - and free chlorine has been — Ss 
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September, 1960] oF sit SMALL AMOUNTS OF “ARSENIC IN ORGANIC MATTER 
removed. Cool the solution, which should be clear and colourless at this stage, : ee 1-0 ml 
of hydrazine sulphate solution, mix, and drain the flask into a stoppered 10-ml calibrated 
cylinder or flask, rinsing the conical flask with one or two millilitres of water and using the 
washings to dilute the solution to the 10-ml mark. Mix thoroughly by shaking, and return 
the solution to the 50-ml conical flask. _ Close the mouth of the flask with a glass bulb, and 
heat the flask on a boiling-water bath for 15 minutes. i Remove the flask from the bath,and 
_ Measure the optical density of the test solution | against the blank solution in 2-cm- ee ee aM 
As accheck on the procedure, the optical density of the blank solution measured against 
a solution consisting of 2 ml of the acid molybdate solution and 8 ml of N sulphuric acid should _ 
be 0-0 to 0-05 measured on the spectrophotometer, a 2-cm cell being used at a wavelength — 
of 840 mp. _ The use of specially purified reagents reduces the blank considerably. ore iS =| 
= _ Read the number of micrograms of arsenic equivalent to the observed optical density Ais Tn 


Place 0, 0-2, 0-5, 1-0, 1-5 and 2-0 ml of sta standard az arsenic ic solution (0) in 50-ml conical 
flasks, and add to each 2-0 ml of acid molybdate solution and 7 ml of N sulphuric acid. Mix 
well, and heat the flasks on a hot- -plate until the volume has been reduced to 5 to 6 ml - Cool 
the solutions, to each add 1- 0 ml of hydrazine sulphate solution, mix, and drain the flasks into 
10-ml stoppered cylinders, -tinsing the flasks with a small amount of water, and use the © 
washings to dilute the main solutions to the 10-ml mark. Mix thoroughly, and return each 
solution to its original 50-ml conical flask. Close the mouth of each flask with a glass bulb, 
and heat the flasks on a boiling-water bath for 15 minutes; then allow them to cool a 

_§{ 30 minutes. Measure the optical density of each solution in turn against the first solution q 
; (containing no added arsenic) in a spectrophotometer at 840 mp, a 2-cm cell being used. 


Thioglycollic acid solution—Extract 100 ml with 10 ml of reagent 
| then with two 5-ml portions of chloroform. Store in an amber-coloured glass bottle, and Pe 


Potassium iodide - ascorbic acid reagent—Extract 100 ml with 10 ml of dithiocarbamate 
reagent and then with two 5-ml portions of chloroform. Store in a polythene bottle, and a ae. 
Sulphuric acid, from acid “for foodstuffs analysis.’’ Store in 
Acid molybdate sc sihitien~Weiven exactly 250 ml of a 7 per cent. w/v solution of ammon- 
ium molybdate, (NH,),Mo,0,,.4H,O, in water with two 10-ml portions of dithiocarbamate | 
- §reagent and then with three 5-ml portions of chloroform. ” The final chloroform extract 
should not be darker than the colour of straw. Some batches of ammonium molybdate give 1 
more deeply coloured second extracts; such material will give high blank values and should ; 
not be used for the determination of trace quantities of arsenic. Mix the extracted solution 
with exactly 250 ml of 10 N sulphuric acid (prepared from sulphuric acid “for foostuffs 
analysis” and accurately standardised), filter into a 1-litre calibrated flask, and wash the filter _ 
with ee Add exactly 250 ml of 4.N a) and difu acid Tite at 2 from tah wate acid, 60 
Store 


| 
=] 
< + 
— 
oO 
g 
¢ 
a 
= 
& 
@ 
= 


‘THEI DETERMINATION OF ARSENIC BY THE GUTZEIT M METHOD #8. 


After destruction of the organic matter as chloride, the arsenic is deter- _ 
m - . If any fading due to the pre presence e of excess of chlorine is | observed, the solution should be si 
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ANALYTICAL ‘METHODS : THE (vol. 85 


> <e Norz—All glassware ‘should be c of borosilicate glass and ‘must be thoroughly cleaned with 


we ‘sulphuric and nitric acids and then thoroughly washed with distilled water immediately b before use st 
: to ensure that it does not yield traces of arsenic under the conditions of test. 


7 Kjeldahl flasks—These should have a capacity of 100 or 200 ml and be made of boro- 
silicate glass or silica, fitted by means of a Quickfit joint (B19 or B24) with a 2-bulb or 3- bulb. 
condenser carrying a tap funnel (see Fig. 2). It is an advantage to have the condenser. 
interchangeable with the condensing extension to the decomposition flask, so that the arsenic 
can be distilled the same in which the wet carried out. all 


by oF 


3. Arrangementof | tis 
Tee sutzeit tes utzeit test paper 
Gutzeit apparatus—T his of a wide-mouthed bottle of 120-ml capacity, closed 
ra by a rubber bung through which passes a glass tube. This tube has a total length of 200 mm 
and an internal diameter of exactly 4-0 mm (external diameter about 5-5 mm) and is drawn 
out at the lower end to a diameter of about 2mm. A hole about 3 mm in diameter is blown 
q in the side near the constricted part. The tube passes through the bung so that, when it is 
inserted in the bottle containing 70 ml of liquid, the constricted end is above the surface of 
the liquid and the hole is below the bottom of the bung. The tube has a shallow projection, 
_ 0-4 to 0-5 mm thick, at its upper end, which fits into a slight depression in a cap consisting of 
a short tube of the same internal diameter as the lower tube. The contacting edges of the 
two tubes are flanged and ground smooth at right angles to the tube so as to fit closely. 
The short upper tube has a grooved top, and the lower tube two projections, in order that 
the upper. tube may be secured to the lower by means of a rubber band. The complete 
_ apparatus is shown i in Fig. 3, and the device f 7” sinned ~~ test- ate iaiti disc i is shown i in detail 
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for the destruction ‘of organic mar are specified j in the 
a. Chloride - hydrazine - bromide mixture—Grind together intimately a mixture (parts by 


weight) of sodium chloride, ‘5, hydrazine sulphate, | 0- 5, potassium | bromide, 0-02. 


water and 200 ml of hydrochloric acid, sp.gr. 1:18. Boil the solution until its volume hes 
been reduced to 200 ml, cool, filter through a fine- -grained filter-paper, and keep in a i 
i, fhe.” 10 ml add 8 ml of distilled water and 8 ml of hydrochloric acid, sp.gr. 1-18, bo 
ars arsenic-free, and distil 16 ml. To the distillate add 50 ml of water and 2 drops of the fate 
__ stannous chloride solution, and apply the general test; the stain produced must not be ike 4 
deeper than a 1-ml standard stain, showing that the proportion of arsenic present does 


A Hydrochloric acid - stannous chloride reagent*—Mix 101 ml of stannous chloride solution 


with 90 ml of acid, sp. gr. 1-18, -free. 


q 4 


Thatman No. 1 in a saturated aqueous of mercuric chloride. 


a warm atmosphere without exposure to daylight. Reject the edges of the dry papers, which ae . 


Standard arsenic -solution—(a) Dissolve 0-066 g of arsenious oxide, in 50 ml of 

hydrochloric acid, and dilute to 100 ml at 20°C with water. 

(6) Dilute 1 ml of f ml ©: with h water. Prepare solution (0) 


General Methods fc for “the Destruction of Organic Matter appear in a separate ‘report? \ 


and, of these, Methods of Wet Decomposition (I) A, (I) B, (I) C and (I) D with continuation _ 
(I) (0) 1 are ‘suitable for use in the determination of arsenic, the particular method being — 


sed chosen to suit the type of sample | to be analysed. _ Inno circumstances should more than 10 ml > 
wh TREATMENT OF DIGEST— 


a  Norz—In the distillation | procedure it is important to use the relative i eae inte 
as specified, as this ensures a steady evolution of hydrogen chloride gas throughout the distillation, aay pact 


on, _ which is essential to the success of the method. Serious divergence from the recommended __ 

s of —— is liable to lead either to too vigorous a reaction in the early stages of the distillation, — s. oe 
/ Bee arsenious chloride may be swept through the receiver, or to the evolution of water with _ 
the failure to obtain entrainment a the arsenic. is 
hat ‘The fc following directions assume that 8 to 10 ml of sulphuric acid have been used i in the ia : 


wet decomposition. _ If less acid has been used it should be e supplemented at this point. ing, 
* NotE—This reagent contains a concentration of chloride ten greater than thas: 
7 that of stannated hydrochloric AsT, of the British 
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hes not been carried out in the Kjeldahl flask the distillation 
2), to it rinsing with the minimum amount of water, 
evaporate to fuming, and then allow tocool. _ 
the cold residue in the flask add 7 of wa Add 5 chloride 
: _ hydrazine - bromide mixture, avoiding contamination of the ground portion of the neck of 
ag ’ a flask, and fit the condenser, moistening the joint with water to prevent leakage. Clamp 
the apparatus so that the condenser is vertical, with its tip reaching just short of the bottom 
of a 25-ml measuring cylinder containing 15 ml of water, which is cooled in ice and water. 
Add 10 ml of hydrochloric acid to the contents of the flask through the tap funnel, and care- 
_ Heat the flask with a microburner at a rate such that the contents are brought to boiling | 
in not less than 30 minutes. After the condenser has become full of steam, continue to heat | 
the flask so that the distillation proceeds smoothly for 3 to 5 minutes. ~ During the whole 
- of this procedure, and particularly at the moment when the steam reaches the cold water | 
vin the receiver, care should be taken to prevent a suck back. The distillation must not 
be taken too far, 7.¢., fumes of sulphur trioxide must not appear. When the distillation 
‘is complete, open the tap, remove the burner, and disconnect the condenser. Wash down 
the condenser once with a few millilitres of water, collecting the washings in the cylinder. 
Transfer the distillate to a 50-ml calibrated flask, dilute: tot mark kat C with and 


Pack the glass tube of the apparatus lightly with is Be treated cotton- wool, 
so that the upper surface of the cotton-wool is 25 to 30 mm below the top of the tube. ~ Place 
7 piece of mercuric chloride paper against the ground end of this tube with the smooth face 

of the filter-paper downwards to form a diaphragm between it and the upper tube, and fasten 
tubes together by means of the rubber band. 

re Alternatively any other method of attaching the mercuric chloride paper may be u used 


that the portion of the paper in contact with the gas is a circle 4-0 mm in diameter 


(i) the whole of the evolved gas passes through the paper, i 


of sample solution; 7 


ml of hydrochloric acid. 


Dilute the to 60 mal with with and add imi of - stannous 


chloride reagent and 1 g of potassium iodide. 


= (b) If the expected arsenic content of the test solution is 5 ug or less, mix the whole of the 
test solution with 1 ml of hydrochloric acid - stannous chloride reagent and 1 g of potassium 
iodide, and dilute to 60 ml with water. 


_ Transfer the diluted test and blank solutions to separate wide-mouthed bottles, and add 
(10g g of zinc to each. Immediately place the prepared glass tubes in position, protecting 
them from sunlight throughout the remainder of the test. Allow the reaction to proceed 
without the application of external heat for 15 minutes, and then transfer the bottles to a 
water bath maintained at 35° to 40°C for 30 minutes. 
___ Compare in normal daylight the stain produced on the mercuric chloride paper with a 
series of freshly made standard stains prepared by adding known amounts of standard arsenic 
solution (b) to tests carried out under the same conditions as are applied to the e sample. — 
suitable range for for the series of standard stains is 0-5 0- 5 to 5-0 pg of 
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Iytical ‘Methods 


THE Analytical ihe: following on Metalic 
Impurities in Organic Matter Sub-Committee. The Report has been approved by “the | 
Analytical Methods Committee and its publication by the 


The ‘members of the Sub-Committee concerned w with the fn of this oni — 
Messrs. T. McLachlan (Chairman), L. Brealey, Miss E. M. Chatt, Messrs. J. C. Gage, T. : 
Gorsuch, C. L. Hinton, E. I. Johnson, W. C. Johnson, R. F. Milton and G. E. Willis, *with — 
Miss A. M. Parry as Secretary. In July, 1958, Mr. W. C. Johnson succeeded Mr. McLachlan — 
as Chairman and in January, 1959, Miss E. M. Chatt succeeded Mr. C. L. Hinton. "From > 
1956 to 1958 Mr. T. T. Gorsuch held a Society for Analytical Chemistry Research Scholarship — 
and, working at Harwell under the direction of Mr. A. A. Smales, carried out the work des- $e 
cribed i in ‘““Radiochemical Investigations Recovery for Analysis 0 of Trace in 


Organic and. Biological Materials.” 


When orga organic matter is to be asa preliminary to the determination of metallic 


will be described more in the on each metal as it is published, 
and each method will refer to this report for methods of decomposition, = ts 
This provide a wide choice of methods the necessity of repetition, i 


DECOMPOSITIO 


Ter 


The Sub-Committee’s on “The Determination | of Lead” (A nalyst, 1959, 84, and ¢ on “The 


Determination of Small Amounts of Arsenic in oe Matter”’ (Analyst, 1960, 85, 629) have already been 
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ANALYTICAL METHODS ‘COMMITTEE: 


“method i is “Applicability” and‘ ‘Disadvantages” at the beginning of the descri 
7. 3 tion of each method, but it must be emphasised that unfamiliar materials must always undergo 
a trial treatment on a small scale before the method to be used i is selected. c “Only i in this way | 
The amounts of acid specified will generally be satisfactory, but workers will learn by — 


experience what are the optimum amounts to use for any material. 
acids and then thoroughly washed with distilled water immediately before use to ensure that 
When organic matter is heated with mixtures of concentrated in 
experience has shown that decomposition takes place most efficiently when some means for 
partial reflux of the hot acids is provided, as by an extension to the neck of the flask (Fig. 1). 
: When many oxidations are in progress at the same time, it is advisable to trap the fumes, 
‘ dilute them with water and dispose of them down the drains rather than into the atmosphere. 7 
The following description of suitable apparatus is given for guidance only. Waitt cr Dok ¢ 


Kjeldahl flaskks—These should be made of glass or silica (100 to 250 
nominal fitted with a an extension to the neck by! means 3 of a  Staridard ground joint. 


~t 
“ 


Fume condenser 


Dimensions are are for a flask of 150 ml capacity 
in a circular hole in an asbestos sheet, and the hole should 


ig of diameter such that the flask receives no direct heat from the burner above the level 


a " Kjddait digestion rach and acid-fume condenser (Fig. 2)—A current of water is s kept 
Sowing throw ‘a \ the condenser, and removal of acid fumes can also” be assisted b p 
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It is a convenience when handling flasks test- t-tubes hot 
acids to have at hand a pair of the nickel tongs made for this purpose. The action of ia 
tongs is improved by binding each of the jaws with asbestos string. ae ‘ ey 
i ae essential to use reagents and distilled water of suitably low metal contents: iat 
into consideration that the concentrated mineral acids are generally used in amounts several we s 
times that of the sample. Some of the more commonly used reagents are now available in 3 
grades suitable for food analysis. _ They should not be transferred from the lead- -free-glass- a 
_ Even when these reagents are used, reagent blank determinations will be necessary. ss 
No separate instructions are given for reagent blanks, since the procedures follow the lines eS 
of the determination proper with obvious modifications, but since the blanks must be prepared 
with the same quantities of reagents as are used in the tests, and 


nection to pump; C, — outlet to waste; D, an deta with wide wer ‘to prevent clogging with = 


- - Destruction With Nitric and Sulphuric Acids, With or Without the Aid aes 
of Perchloric Acid or Hydrogen Peroxide 
uel Details are given of four ‘different methods of « carrying out the initial stages of the 


e "decomposition, depending on the reactivity of the material; the final stages of each are the © es a i 
same, although a choice can be made whether or not to use perchloric acid or hydrogen Pia «i 
_ peroxide to speed the digestion and hence reduce the use of nitric acid and shorten the time | 

taken to complete the removal of all organic matter. Two in which nitric, perchloric 


selection, ‘the methods are to the of most organic 
_ materials, , including such materials as dyestuffs, intermediates, medicinals, rubber chemicals, 
carbon catalysts, textile assistants, synthetic polymers, “biological material, foodstuffs (in- _ 
cluding beverages and fruit juices), before the determination of most of the common ‘trace | 
a, The methods are in most instances ; speedy and easily « controlled, and the t temperatures are . 1 


7 September, 1960] +=FOR THE DESTRUCTION OF ORGANIC MATTER 645 
. the upper outlet to a water pump. Gas heating is preferable. The flasks, not being rigidly mm ye 
‘ _clamped, are easily handled, when it is necessary to deal with vigorous reactions or excessive _-_—s—s { 2 
| 
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metals, which give insoluble since the insoluble absorb a 


_ siderable proportion of trace metals, particularly lead. In such instances decomposition with § li 
nitric and acid should be employed (see Section II, P. 649). 
with samples of pure chemicals, that a very vigorous may 
: occur. The latter hazard is small if a preliminary test on the ere is carried out as 


_ __ Weigh 5 g (see Note 1, p. p. 653) 3) of the well rbd epniete i into a 100-ml Kjeldahl flask, and 
add 10 ml of diluted nitric acid a + 2). As soon as any initial reaction subsides (see Notes 
2 and 3, p. 653) heat gently until further vigorous reaction ceases, and then cool the mixture. 
Add, gradually, up to 10 ml of sulphuric acid, sp.gr. 1-84, at such a rate as not to cause 


excessive frothing or heating (5 to 10 minutes are usually required), and then wai until the 


Continue as given below in ‘ ‘Continuation for ‘Methods I D.’ “4 


-APPLICABILITY— 


a For less 1 reactive e substances. 

PROCEDURE— 


i fl Weigh 5 g (see Note 1, p. 653) of the well mixed couple intoa 100- a ‘Kjeldahl flask, and 
add 5 ml of nitric acid, sp.gr. 1-42. As soon as any vigorous initial reaction subsides, heat — 
gently until further vigorous reaction ceases, and then cool the mixture. Add, gradually, 
8 ml of sulphuric acid, sp.gr. 1- 84, at such a rate as not to cause excessive frothing or heating 

6 to 10 minutes are usually required), and then heat until the liquid darkens appreciably © 
Continue a as given below below i in “ for (I) A to (I) D. 


‘iene: rapid method than A or 


Weigh 5 g (see Note 1, p. 653) of the well mixed sample into a 100-ml Kjeldahl flask, and 
add a mixture of 8 ml of pats ds acid, sp.gr. 1-84, and 10 ml of nitric acid, sp.gr. 1-42 
_ (see Note 4, p. 653). Warm cautiously until the reaction subsides, and then _ rapidly until 
the solution begins to darken owing to incipient charring. 


Continue as given, below in “Continuation for Methods (I) A to ( | 


4 Despite the use of dilute acid, s ‘some ne some basic dyestufis) ‘subsequently 
“cause trouble owing to their liability to deflagrate violently during charring; appreciable 


losses of arsenic > may be > incurred in this Ds ol 
must be used 


__ Treat 5 g (see Note . p. 653) of the or in a aan 00-ml Kjeldahl fi flask with 20 eee of 
- diluted nitric acid (1 +2 ), and warm until the initial vigorous reaction is over. At this point 


such the procedure 


™ j.|  aspongy, tarry cake is formed. Cool the mixture, pour off the acid into a beaker, and wash 


the tarry residue with a small amount of distilled water (three or four 1-ml portions), adding 
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‘the washings to the acid liquor i in the teitdiabn Add 8 ml of sulphuric acid, sp. — 84, to ; 
= the tarry residue, agitate to disperse the cake, and introduce nitric acid, sp.gr. 1-42, drop by = 

drop, with warming if necessary, until vigorous oxidation ceases. Return the original | ac id 
liquor t to the flask, and boil until the solution just begins to darken. Foe 


Continue as given in “Continuation for Methods (I) A ‘to (I) 


(a ) Wirnour ADDITION OF PERCHLORIC OR R HYDROGEN PEROXIDE— 


i Add nitric acid, ‘sp. gr. r. 1: -42, slowly in in small portions (1 to 2 ml), heating after each addi- 
‘tion, until darkening again takes place. Do not heat so strongly that charring is excessive, or 
loss of arsenic may occur; a small, but not excessive, amount of free nitric acid must be present 
throughout. Continue this treatment until the solution fails to darken on prolonged heating — 
to fuming (5 to 10 minutes). The criterion of completion of oxidation is that the final solution | 7 ue 
is fuming when hot and colourless when colder, but if much iron is present the solution will a im 
be pale yellow in colour, frequently with a “granular precipitate soluble on dilution. Allow | 

to cool somewhat, dilute the solution with 10 ml of distilled water (this should give a colourless — 

solution, or a faintly yellow one if iron is present), and boil gently to fuming. 4 Allow the — ‘2 


Persistent residual colours sometimes obtained in the above procedure may be 
_more easily by use of perchloric acid or hydrogen peroxide, and, in general, the use of per- ad , 
-chloric acid can considerably reduce the amount of nitric acid required and complete the “a4 


oxidation in a shorter time, provided that the presence is in the 
y — & 1. With addition of perchloric acid—Add nitric acid, sp.gr. 1- 42, slowly in small 
nd ple heating after each addition, until darkening takes place. Do not heat so strongly 
at that charring is excessive, or loss of arsenic may occur; a small, but not excessive Joes 
ly, — of free nitric acid must be present throughout. — Continue this treatment until the solution — 
ng fails to darken in colour on prolonged heating (5 to 10 minutes) and is only pale yellow in . 
ly colour. Run into the flask 0-5 ml of perchloric acid, 60 per cent. w/w (see Note 5, p. 653), and = 
a little more nitric acid, and heat for about 15 minutes, then add a further 0-5 ml of Pres ae a 


acid, and heat for a few minutes longer. Allow to cool somewhat, and dilute the mixture et 
with 10 ml of distilled water. The solution should be quite colourless, except when much a 


- iron is present, when it may be faintly yellow. Boil gently, taking care to avoid bumping, 

2 until white fumes appear; allow the solution to cool, add a further 5 ml of distilled water, a 
and again boil gently to fuming. Finally, dilute the solution with 5 ml of distilled 


sp.gr. 1-42. Heat to after each addition of peroxide the residue is 
colourless or no further reduction of the pale yellow colour can be obtained ; cool the solution,  =— 
dilute it with 10 ml of distilled water, and evaporate to fuming; again dilute the solution sae = 
with 5 ml of distilled water, and to fuming. dilute the solution with 5ml 


METHOD | (I) E: “DESTRUCTION WITH NITRIC, PERCHLORIC AND SULPHURIC ACIDS 


42 
Suitable for many organic and biological materials. 
For dry, finely divided powders and for materials that might react vigorously v ne 
ae acid, preliminary moistening of asl sample with a few n millilitres of distilled water ip 


-_ This r represents the most vigorous, and therefore potentially the most hazardous, method 
ling § 0 of wet and the necessity for small- scale trials with any given 
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organic matter is Te- should wear a face using 

Weigh Qe g of aii into a 500-ml conical flask having a B24 neck, and fit a B24 cone ve 
act as a short air condenser. Add 15 ml of nitric acid, sp.gr. 1-42, and shake to wet the 

sample completely. Allow any reaction to subside, and then add 10 ml of perchloric acid, 60 

per cent. w/w (see Note 5, p. 653), and 5 ml of sulphuric acid, sp.gr. 1-84, swirling the contents 
_ of the flask during additions. Place the flask on a cold hot- -plate, and switch to medium heat. 


readily reactive material has been oxidised. As the temperature ri rises, the material p Sed 
with the evolution of brown fumes, which clear to leave a quietly boiling solution with some 
refluxing taking place in the short air condenser. W hen most sal the wen acid has been 


a 
Pan ii 
™. 


5 
Fig. 3 . Apparatus for controlled ‘decomposition of organic 


driven off, ‘with some materials there may be s signs of a more vigorous reaction with further 


- evolution ‘of brown fumes. _ If this occurs, add a few millilitres of nitric acid, and continue 
heating. Finally, heat the solution until white fumes are evolved; cool, dilute the solution 


with 5 5 ml of distilled water, and again heat until white fumes are evolved. Se 


rel 


i This proce procedure is ; particularly flexible, since the increases in temperature and the lengths. 


a: f the periods of refluxing can be altered to suit the type of sample being decomposed. 


‘eae ‘Further, eee for the ‘periods during which the temperature is being raise raised, it t needs no no 


_ Weigh 2 g of ‘sample into the flask, and assemble the apparatus as shown. Add 15 ml 

of nitric acid, sp.gr. 1-42, allow any reaction to subside, and then add 10 ml of perchloric 

7 acid, 60 ‘per cent. w/w (see Note 5, p. 653), and 5 ml of ‘sulphuric a acid, sp. gr. 1-84, by way o of 
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the condenser, mixing well during the additions. Set the flask aside for half an aunt: then 
heat gradually to full reflux, and maintain for one hour. Maintaining full heat, turn the tap = 
A through 90° so that liquid distils into the reservoir When the ten mperature has reached 
140° C, turn the tap through a a further 90° so that the distillate Tuns out through C into a | 
suitable receptacle ; then complete the turn through the full 360°, re-establishing the conditions| 
shown in the figure. Allow to reflux for a further hour, then raise the temperature similarly 
to! for an hour, then to 200° C for half an hour. Cool, and dilute the residue as 


of method is is ‘that by the omission sulphuric acid the higher 
temperature and dehydrating conditions associated with the presence of this acid cannot 
easily arise and, in the opinion of some operators, this tends to reduce the hazards sometimes 
connected with perchloric acid combustions. On the other hand, there is considerable risk _ 
that, in the absence of sulphuric acid, the digest may boil dry, thus increasing the hazards. HF 
Details of three procedures are given. The first is of fairly wide applicability; the other isd 
two, which have been found to be convenient for use with special classes of material, do not 
"differ fundamentally from each other—the differences are mainly in scale of operation. _ ag 


The method is suitable for the destruction of protein and carbohydrate material. Its va 


| use for samples consisting almost entirely of fat is not recommended; the presence of small — 
amounts of fat does not, however, its use. Some chemicals and materials 


‘The method is speedy in most instances and is easily controlled. The attack on the aon i 
_ organic matter passes smoothly and automatically from one predominantly by nitric acid (a 
_ to one predominantly by perchloric acid. Perchlorates are generally easily soluble, and this ne 
can be an important factor in the subsequent analytical procedure. The temperatures used nod 
are lower than in most other wet-combustion losses es by can 


reasonably be expected tobe small. 


conditions are less severe in some other procedures, with the that some 
_ &f types of organic material, notably those containing heterocyclic nitrogen, escape roel 

al destruction. This is a fault that the method shares with some other wet-combustion mien 

wt cedures, and for such materials ashing is indicated. 

Hazards are those inseparable hea: the handling ‘of hot 

ion 


| possibility, particularly with samples of some pure chemicals, of very vigorous reactions. 

Reacting mixtures must never be allowed to boil dry. For this reason, when any of these ‘ 
procedures is used, it is desirable not to leave the digestions unattended and to add nitric 
whenever darkening of the digestion mixture occurs. 


i} 


rig ‘The following .g procedure i is capable o of ‘dealing with a wide variety of materials of biological 5 
5 ml origin. It may be used for some chemicals and synthetic materials, but initial experience a 
loric § on each kind of such material should be scenes cautiously | by qualified persons only, with 
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| | 85 
“Place in a 200-ml Kjedaht an containing not more than 2g_ 
oof dry matter. _ Add 25 ml of nitric acid, sp.gr. 1-42, and boil slowly for 30 minutes. ~ Cool 


a mixture, and add 15 ml of perchloric acid, 60 per cent. w/w et Note 5, p. pana Boil 


conditions may arise if the is to boil ay at any time. 

For sugar products when lead is to be determined. 


Place in a 100-ml conical borosilicate-glass ‘flask an amount of sample containing not 
more than 2g of dry matter. Add 1 ml of distilled water, 3 ml of nitric acid, sp.gr. 1-42, 
and 2 ml of perchloric acid, 60 per cent. w/w (see Note 5, p. 653), and heat the flask on an 
electric hot-plate, starting the plate from cold. — _ Use a layer of asbestos paper, if necessary, 
to moderate the heat. _ When the liquid turns brown (see Note 7, p. 654), add further nitric 
acid drop by drop. | A A . colourless solution and white pectie of perchloric acid indicate com- 

For small | volumes of soft drinks. 
4 


and 2 mal lof nitric acid, sp.gr. It is advisable to use several fragments of 
porcelain to prevent bumping. Add nitric acid, drop by drop, if the solution does not clear 
quickly after (see } 7, p. 654). Evaporate solution fumes of acid, 


GENERAL REMARKS 


When it is required number of i inorganic components and 
the same sample, analysis of residual matter after dry ashing is not permissible if elements ff ; 
such as sodium and potassium, which have volatile compounds, are to be determined; wet § 
oxidation methods are preferable. Methods involving the use of sulphuric acid as an oxidising 


ima 


agent leave unchanged acid in the residue, and this complicates subsequent determinations > 
of mineral matter and precludes the determination of sulphur. The use of perchloric acid § 4 t 
leads to incomplete recovery of sulphur. It also tends to the formation of somewhat intract- 3 
_ able metaphosphoric acid compounds that inhibit the ee of other elements, which a 


‘The method was originally devised for the determination of calcium, magnesium, sodium, “ 
potassium and sulphur, all on one sample (e.g., foodstuffs, as required in serial investigations J 
of individual diets).? It can also be applied when iron, copper and similar elements are 
‘to be determined in samples in which the amount of organic matter is small and is easily a 


ADVANTAGES 


_ Oxidation is steady and rapid, the residue can readily be freed from excess of « oxidisi - . 
agent by volatilisation, and the elements are obtained in a form suitable for determination. 
‘Sudden ‘deflagration may result in in propulsion of residue from the flask unless. ess heating 


is carried out with great care. 
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oven Tra: sfer 1 g of the ed and powdered sample to a 250-ml Kjeldahl eine and add 10 ml 
_ of nitric acid, sp.gr. 1-42. Gently warm the flask until solution is complete, add 10 ml of 
oxidising reagent (a solution of 50g of ammonium nitrate and 25g of nitric acid, sp.gr. 
+ 1 42, made up to 100 ml with distilled water), and heat gently to expel water, so that oxidation — 
add more reagent, if necessary, and continue until no browning of the solution i is observed | Te. 
and a clear melt has been obtained. In the presence of much fat, oxidation is slower and more — 
reagent may be required, and there may be excessive initial frothing if much carbohydrate 
is present. When oxidation is complete, heat the clear melt more strongly to volatilise — 
the excess of ammonium nitrate (avoid overheating), holding the flask over a free flame to __ 
__ expel salt subliming on the side. _ Then dissolve the residue in 2 ml of hydrochloric acid, — ie 
sp.gr. 1-18, evaporate to dryness, fuse the residue in the flask, so as to remove all nitric acid, = 
dissolve it in about 10 ml of N hydrochloric acid, and evaporate. the solution to a small my 
bulk to ensure conversion of any metaphosphate to orthophosphate. _ Evaporate to. dryness 
_ in a stream of warm air, dissolve the residue in a few millilitres of warm water, add a fe 
- drops of N hydrochloric acid, and dilute to 10 ml with distilled water. Det ks | Saree 


Iv. Special Methods ¢ of ‘Wet & for ‘the Det mination of Mercury 


(Iv) J WITH SULPHURIC, NITRIC AND PERCHLORIC ACIDS 


_ The method is applicable to samples containing mercury in excess of 5 p.p.m. It is Sa } 
per. that slight losses of mercury occur when organic matter is completely oxidised ae 
‘this method. The loss is of an order usually acceptable when the level in the sample is a 
at 5 p.p.m. or more, and for some purposes the method can be useful at lower levels of mercury 

q content. At a much lower level (0-1 to 0-01 p.p.m.) however, the method fails to give good — 
recoveries. _ Special methods are available for the preparation of samples for the sete atmteall 
of mercury at tl these 

am In ‘order to m to minimise losses of mercury — volatilisation, ‘destruction “ organic matter 
is carried out under reflux the special in Fig. 4. 


. flask (A) of the special uae (Fig. 4) and piace the vel the reflux | head (B) an and the condenser © 


- Maintain a steady flow of water through the condenser. _ Add, through the side-arm of | 
4 the Kjeldahl flask, 4 to 5 ml of sulphuric acid, sp.gr. 1-84, and heat the contents of the flask — 
{ gently until the sample i is charred ; add nitric acid, sp.gr. 1-42, slowly in small portions (0-25— 

to 0-5 ml at a time) until the solution darkens between additions. Continue this procedure _ 
until the liquid is colourless or pale yellow on prolonged boiling (about 15 minutes) after the _ 
_ last addition of nitric acid. When, during this procedure, the reflux head becomes filled with it  &§ 
condensate (which may contain some solidified volatile organic matter), run off the liquid or: a 1 
into a a 5- ml corner and reserve it. 7 _ When the wet oxidation is $ cyeres — 


the condensate the until the solution is colourless. Add nitric acid, 
4 gr. 1-42, to the yor flask until no further occurs. ‘Then add gradually 


grade, be used to effect of the Afte 
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sing - minutes. Allow the mixture to cool, wash out the reflux head with the minimum amount of - x — 
ion. distilled water, and add the washings and separated condensate to the contents of the Kjeldahl Wes , 4 ‘ 
a | flask. Disconnect the apparatus, and boil the contents of the flask for about 16 minutes. _ 
The volume at this stage should be about 40to50 ml. 
ting olume analytical-reagent 
reach small addition of 


peroxide, most st of the water formed should be driven off so that the digest does not oan | 


diluted, and the condensate should be drawn off as it accumulates. 


oa is then determined on the contents of the Kjeldahl flask by « an appropriate _ 4 


ac 
4 


4 


iat for the destruction of organic matter in preparation 7 ae bes 
(a) Detail of 


for the determination of mercury. 
head. (b) Side view of top part of 
fi 


ead. Side 
oi! A, Kjeldahl flask fitted with -arm; B, reflux 


METHOD (IV) B: B: WITH POTASSIUM AND NITRIC 
43.055 


For mercury in urine and, with modification, for the det determination of f mercury in animal 
“toxicological s specimens, which be finely mir minced. inte 


must aust be to volatilisation of mercury. 


Sulphuric acid, diluted (1 


Ammonium hydroxide, sp.gr. 0 88. 


— 
Fs 
4 
a 
a 
Ja upto 5 davs old. 
— | 


1960] 
ae red indicator solution—A 0- 02 per cent. solution in 20 per cent. ethanol. ae ‘ 
Ammoniacal hydroxylamine solution—A 10 per cent. w/v solution in water. If purification 
4 is necessary, dissolve 26 g of hydroxylamine hydrochloride in about 60 ml of distilled water 
add 0-2 ml of phenol red indicator solution, and make alkaline with ammonium charge 


particle of a 0-01 per cent. w/v solution of dithisone in chloroform until the last extract 
remains green; wash the solution free from excess of dithizone by repeated extraction with © 
10-ml portions of chloroform. Warm the solution until the excess of chloroform has been 
removed; cool, filter, and dilute the solution with distilled water to 250 ml ee eee Ae 
solution be prepared on on the day of use. 
- Transfer 100ml of the liquid sample to a 500-ml round-bottomed flask fitted by m means oe 
of a standard ground joint to a long water-cooled reflux condénser. Add 40 ml of nitric ene 
acid and 3 g of potassium permanganate. Insert the stopper in the condenser, using a thread 
_ to prevent an air-tight fit. Boil gently under reflux for 2 hours, and then cool thoroughly. — 


_ Remove the thread. — ‘Shake the flask carefully so that the solution comes into contact with the 


vapour. Rinse down 


al necessary, add potassium permanganate until an excess is present after 2 minutes’ ks 

_ standing. (A further 1 to 2g may be added.) Add ammoniacal hydroxylamine solution — : 
until th the solution is colourless. — Add several drops of phenol red indicator and then am- 
monium hydroxide until the solution attains the full red colour of the indicator, keeping the 
solution cool during the addition of ammonium hydroxide. Add 18 ml of diluted — 
acid and 10 ml of ammoniacal hydroxylamine solution, cool, mix, and allow to stand for at _ 
least 3 hours, or preferably overnight. 


Wit solution is now ready for treatment with dithizone. _ ag 


_ With material such as liver, 10 to 20g of the sample may be taken and the poceure 
described above followed, but with the addition of 10 ml of sulphuric acid, sp.gr. 1-84, to_ 


— taken will depend (a) on n the level of the content of 


material and (b) on the methods subsequently to be used for the determination of the metal. 
Bae: For amounts of metal of the order of 10 to 100 parts per million, 5 g is a convenient quantity, 
_ but if ultra-sensitive methods are available 2 g is often enough, with consequent saving of time taken 

7 to wet oxidise the material and reduction in the amount of acid used. 2 —s—s ar 
i For biological samples, 10 to 15 g of blood or tissue or 50 ml of urine or plasma are generally ee 
sufficient for all determinations; they should be boiled down to small bulk with nitric acid before sul- 
For other liquids, e. g., fruit juices or beverages, take 20 to 50g of the sample, containing not | ii 

more than 5g of solids, and boil down to small bulk with nitric acid before ating ss acid. ie 


= 


eas Note 2—With materials such as tea, or when much carbohydrate is present, the initial reaction 
may be violent and heating should be delayed, if even Parthes: nitric acid 
then be. added as necessary. 


: treatment with dilute nitric acid in a 500-ml beaker, wath Ho the beaker slowly on a steam-bath until 


Note 3—If excessive frothing is experienced in the earlier stages, a drop or two of ‘secondary 
aa octyl alcohol may be added or the preliminary treatment may be carried out in a 500-ml borosilicate- ae 


— beaker with the addition of glass beads to prevent bumping. = = = = |. 


tes Note 4—With some organic materials, e.g., rubbers, coated fabrics and polymers, wet decomposition 
sometimes takes place more readily if the material is first charred by warming gently with sulphuric a 
y acid, sp.gr. 1-84, afterwards adding nitric acid when the initial reaction is completed; but this pro- 
cedure must not be followed if if arsenic is to be 
Note 5—Usr oF PERCHLORIC acip. Many oxidations have been carried out safely by the use o 
_ perchloric acid, but some explosions have been reported with this reagent. Full precautions should be 
taken against possible injury in the event of such an explosion, even in well tried procedures. Per- — 
_~ acid may be used either at the final stages of Methods (I)A to D, or at the earlier stages described 
in Methods (I)E and (II)A to C, but it is necessary to allow the vigorous oxidation of organic matter ak 
_ by nitric and sulphuric acids to subside before the temperature is raised sufficiently for the perchloric ne 


He ‘acid to react: “Fuller details of the handling and use of perdieae acid have been published in a Report — pee 


j 
| 

4 
‘ 
| 

q 
i 

— 

— 
itp 

| 
= 
qe 
— 
| — 
17! 


ANALYTICAL ‘METHODS: COMMITTEE: MET ops 
‘Nowe 6—Method (I1)A does not normally where browning occurs (see Note 
but the procedure has the disadvantage of requiring a greater proportion of acids to sample 1 than do 
methods (II)B or C, and this makes it of less value for some determinations. 
wg “ay Note 7—Hundreds and possibly thousands of determinations have been carried out by methods © 
_ (II) B and C with no records of explosions having occurred. — _ The ratio of sample to acids is such i 
darkening or browning may take place at some stage. "This should be avoided as far as possible ce 
be the addition of further small amounts of nitric acid. The darkening of digestion mixtures containing 
perchloric acid is regarded by some workers as indicating the onset of dangerous conditions. The 
Ht real significance of this darkening probably depends upon the nature of the sample, but in any case % 
the condition should not be allowed to persist longer than can be avoided. 16 


+ 


Details are given of six methods for dry ashing organic matter. _ The variations from 
a simple dry-ashing procedure that have been found necessary are generally occasioned either | 
by the amount or nature of in the or the nature of the 


be charred slowly, and the oxidised and completely ; loss of metals 


volatilisation or by combination with the material of the container must be avoided by working 
at the lowest possible temperature. Particular care must be exercised when large amounts ~ 
of halogens are present in either covalent or ionic form. It has been Teported that losses 
of certain metals (e. g., zinc, _ tin or antimony) occur when dry | ashing is carried out in the 
_ presence of halides; i losses can ad minimised by ensuring that an alkaline ash remains. 


‘Dry: ashing usually requires little attention. Larger amounts of material can be dealt 
with more conveniently than by wet decomposition by repeated addition of fresh material | ‘ 
to already ashed material and re-calcining, 
___ The dry-ashing procedure is of particular advantage when the use of sulphuric acid is _ 
objectionable ; for instance, for the determination of lead in materials containing appreciable _ 
quantities of the alkaline earths, whose sulphates occlude lead sulphate. . 


_ The method avoids the use of large ——" of of reagents and the hig gh t blank sie: H 
that can result from their use. 


It is 


sometimes ipeth to obtain complete extraction of the metal being determined | 

from certain ignited residues, such as those obtained from some compounded rubbers. Exces-— y 

_ Sive heating also makes certain metallic compounds insoluble (e.g., those of tin). Certain i 
flour products give a dark melt in which carbon particles are trapped and will not burn. | 


— ‘The slow ignition of some organic materials, e.g., rubber and r elated amenine: can cause 

a the evolution of poisonous fumes, e.g., hydrocyanic acid, and such operations must be carried 


out in well ventilated fume cupboards. 


___ The method must not be fa tae to compounds, particularly those of nitrogen, that burn 


MerHop A: ASHING AID 
/APPLICABILITY— 


ing ‘mercury pore arsenic, organic 


foodstuffs. 
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“F Weigh accurately a suitable quantity of the well mixed sample i ina tared : silica or plati- 
i) num basin. . Heat first by means of a soft flame, such as that of an Argand burner, to volatilise _ 
as much as possible of the organic matter, then transfer the basin to a temperature-controlled 
muffle furnace, at a temperature preferably not exceeding 420° C (see Notes 8 and 9, p. 656) 
 ‘Tfitiss suspected that all the carbon has not been removed, cool the ash, add a sligh 
excess of dilute hydrochloric or diluted nitric acid (1 + 2), warm on a steam-bath, and not 
whether any colour is extracted or whether organic matter is still present. If so, evaporate — 
the mixture to dryness on the steam-bath, and gently char the residue over a small flame until — 


all the organic matter has been cen destroyed; @ or better, repeat the ignition ata — ew 


For the ‘determination of trace mercury and arsenic, in such natu 
materials as rubber latex, raw rubber and other substances having alow ash content. 
oe Weigh a a suitable amount of the material into a tared silica or platinum basin 1 containing — ce 
light magnesium oxide (up to 2 per cent. of the weight of the sample) distributed over the ~ 
base and partly up the sides of the basin. Support the basin in a hole cut in asbestos board — 
so that at least two-thirds of the basin projects below the asbestos. Heat first by means 
of a soft flame, such as that of an Argand burner, to volatilise as much as possible of the 
organic matter, then transfer the basin to a temperature-controlled muffle furnace at a 
temperature preferably not exceeding 420° C, and heat until no carbon remains (see Notes” . 


atte Gin SHING AID: MAGNESIUM NITRATE SOLUTION | 


For the determination of trace metals, excluding mercury and arsenic, in sugars, sugar eae 
“syrups and biological materials, but unsuitable when magnesium phosphate may interfere a 
adjust the pH of a 50 per cent. w/v solution of magnesium nitrate to 9-5 with ammonium > 
hydroxide, with thymol blue as indicator, and shake with successive portions of dithizone 

Weigh ; a quantity of thes aii wanes to not more than 5 g of solids, into a tared 

- silica or platinum basin. Heat first by means of a soft flame, such as that of an Argand burner, be 


“to drive off any moisture : and to volatilise as much as possible of the organic matter; continue | 


_ with increasing heating until white fuming ceases and a dry char is obtained (see Note 8, p. 656). a = 

"Break down the char with a clean glass rod, and moisten it with a little magnesium nitrate ard, 

solution. Transfer the basin to a temperature-controlled muffle furnace, bring the tem- 
‘perature to about 420° C (see Note 9, p. 656), and maintain the furnace at this temperature 


For the determination of trace metals (excluding mercury), may be volatile, 


“Mix intimately a suitable quantity of the well mixed sample with anhydrous : ‘sodium 


carbonate (20 per cent. of the weight of the sample) in a tared silica or platinum basin. Heat Y 
first by means of a soft flame, such as that of an Argand b ae. until all volatile carbonaceous ~ 
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matter is driven off. Transfer the basin to a temperature-controlled wialihe furnace ata § 7 


_ temperature as low as possible, and in any case not exceeding 420° C, and heat until a grey 
_ powdery ash is obtained (see Notes 8 and 9). Care must be taken not to fuse the ash, 
having regard to the fact that its , ener Point will possibly be much lower than that of 


E. ASHING AID: SODIUM CARBONATE SOLUTION _ 


+ tae For the determination of most common metals, tener mercury and arsenic, in 


unproofed fabrics, yarns, silk, wool and similar materials, = 00 ads 


Weigh a suitable quantity of the sample (cut into strips) into a tared silica or _e 
basin. Moisten the material with a 20 per cent. w/v solution of sodium carbonate, evaporate 
_ to dryness, and heat with a soft flame, such as that of an Argand burner, until a powdery 
a ash, free from carbonaceous matter, remains (see Note 8). Care must be taken to 
avoid fusion of the ash. If any difficulty is experienced in removing all organic matter, 
cool, moisten the ash with a 10 per cent. w/v solution of ammonium nitrate, and ¢ continue 
ignition at a temperature preferably not exceeding 420° C (see Note 


the determination of trace metals, excluding mercury and arsenic, in foodstuffs 
‘that have a low ash content and materials such as compounded 
Weigh a suitable quantity of the prepared sample into a tared silica or platinum basin. § 
_ Heat with a soft flame, such as that of an Argand burner, until all volatile or readily combust- 
ible matter has been removed. Then heat rather more strongly until most of the carbon has 
been removed. If any sooty deposit is formed on the upper half of the basin, remove it by 
igniting with a flame directed at right-angles to the wall of the basin, but avoiding cabins 
direct heating of the main residue in the bottom of the basin 
Allow the basin to cool, add sulphuric acid, sp.gr. 1-84, from a dropping pipette, round 
the walls of the basin, in amount just sufficient to moisten the carbonaceous residue. ~ Care- 
fully heat the basin so that copious fumes are evolved until the acid has been driven off 

_ and fuming ceases, and then heat more strongly for a few minutes longer. If any organic 
_ matter remains, again moisten with sulphuric acid, repeating the procedure until a clean ash 
is obtained. Finally, moisten with a little sulphuric acid and gently ignite until evolution 
_ of fumes almost, but not quite, ceases. — om strong ignition in order to retain the ash al 
far as possible in the form of sulphate. 


Note 8—As an alternative to heating with an Argand burner, the sample, weighed in a platinum 


basin, may be placed in a cool muffle furnace (100° to 150° C) and the temperature raised to about 


+ 


- _ hi 420° C and left overnight; it is an advantage to draw a slight current of air over the sample during hs 

¥ _ the early stages of the ignition to prevent carbon and tarry matter from none deposited inside the 4 

Some samples (e. g-, rubber) swell considerably during heating; care must be taken to ensure that : d 

~ the basin is large enough to contain the sample under these conditions. = —t t] 

‘ #8. _ Note 9—Most substances can be ashed in a reasonable time ata — as as low as 420°C if fc 
_ heated overnight, and such low temperatures are to be preferred. 

_ The time can be reduced by spreading the material in a layer. over ‘the basin. ‘ah Pe i by 

= _ The temperature required will vary according to the material being ashed. In general the ash 1 

must not be sintered or fused, but with substances containing much ash, higher Pa ha a are ob 

Milton, R. F., Hoskins, J. L., and Jackman, W. H. F., Ibid., 1944, 69, 
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The 


.-(4-Chloro-2- methylphenoxy)propionic Acid 
| _Chloromethylphenoxypropionic Acids by Gas - Liquid 
Chromatography with an Internal Standard 
H. G. HIGSON AND D. ‘BUTLER 
(Research Department, Lankro Chemicals Lid., Salters Lane, ‘Bale, Manchester) 
‘y method is described for determining a-(4- -chloro-2- methylphe y)- 
"propionic acid in samples of chloromethylphenoxypropionic acids containing 
85 to 100 per cent. of the active acid. The method involves conversion me 
Ks the extracted acids to their butyl esters, addition of an internal ersion of 
meric (dimethyl phthalate) to the sample and analysis by gas - liquid chromato- _ 
_ graphy, with use of the simple, sensitive and inexpensive apparatus described. _ 
The precision of a single determination is etter than +1 per cent., expressed F, 
as per cent. confidence limits. 


_ A SELECTIVE herbicide formulation is based on CMPP, witch is a mixture of chloromethyl- 

_ phenoxypropionic acids containing «-(4-chloro-2- -methylphenoxy)propionic acid as the active 
principle together with various proportions of 6-chloro-2-methyl-, 4:6-dichloro-2-methyl- _ 

| and 2-methylphenoxypropionic acids. Haddock and Phillips! recently used a 

"chromatographic 1 method for determining the active acid and mentioned a gas- -chromato-— 
grap 

The as an accurate measure of the total «-(4-chloro-2-methylphenoxy)propionic acid coutent. a he 


The gas chromatograph described has been in continuous use fort more than 3 months at 230° C 
with consistent excellent performance. = 


CONVERSION OF ACIDS TO A FORM SUITABLE FOR ANALYSIS 


With the intention of using a gas- chromatographic method to separate the active acid 
from impurities, an esterification step was deemed necessary. _ Since the acids can be almost — oS 
entirely converted to the butyl esters, this ester was chosen for the analysis. Inthe prepata~- = 
tive procedure described below, which takes from 3 to 4 hours, an acidified sample of the a4 
formulation is extracted with chloroform to obtain the total acid. _ The chloroform extract — 
is then evaporated under fractionation conditions to small volume, n-butyl alcohol con- — 
taining dry hydrogen chloride is added, and the butyl esters 0! of the total ee are patie 


Weigh 10 to 20 g formulated CMPP to a 250- mi separating funnel 


with 90 to 100 ml of distilled water, add 100 ml of chloroform, and acidify to Congo red 7” 


by adding 10 per cent. w/w aqueous hydrochloric acid. “Shake vigorously to extract the . 
precipitated acid, set aside for 10 minutes, and run the lower chloroform layer into a clan 
dry 250-ml dropping funnel, the exit tube from which is fitted with a B14 cone joint. Wash 
the aqueous layer with 30 ml of chloroform, set aside for 5 to 10 minutes, and run the -chloro- : 
form layer into the dropping funnel containing the original extract. Repeat this washing _ 
with two more 30-ml portions of chloroform. (Care must be taken to ensure that none of the va 
interfacial matter is allowed to run into the extracted chloroform solution, which n should — oe 
__ Weigh a 100-ml round-bottomed flask having a B24 neck and containing a few porcelain - 
chips, and attach it to a 12-inch x 1-inch Vigreux column fitted at its upper end with a 
_ multiple adapter. To the adapter attach the dropping funnel containing the chloroform 
: solution and a water separator fitted with a tap and a reflux condenser. Evaporate the chloro- Ne he 
form solution to about 25 ml, operating the water separator as a reflux head at a reflux ratio a ei: 
d about | to 1 and taking about 20 to 30 minutes. Rinse the dropping funnel with 50 ml of . aay 
redistilled 0- 1 per cent. t. w/w of and ec the rinsings 
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- in the 100-ml flask. Remove a further 50 ml of distillate, add 50 ml of a2 per cent. w/w | 


solution of dry hydrogen chloride in m-butyl alcohol, and allow the mixture to reflux for 30 — 


free 

- Remove 50 ml of distillate, add 50 ml of the alcoholic solution of hydrogen dhleblas, c in 

“reflux for 30 minutes, and again remove a further 50 ml of distillate. Remove excess of § ..., 

_ the hydrogen chloride catalyst by adding and distilling off two successive ml portions of hyd 


Butyl (4 


But 


= 


bu 


“Fig. 1. of mixture containing ‘Tes! 
= fro 
we sa 
inj 
‘Fig. 2. Chromatogram of mixture” of 
dimethyl phthalate and butyl esters of und col 
_methylphenoxypropionic in n- alcohol Th 
Dr 
“the contents of the flask weigh 10 to 15 g. From a previous of the total = 
content of al een, calculate the equivalent acid content of the alcoholic solution | 7 
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September, 1960] METHYLPHEN Y)PROPIONIC ACID BY BY LIQUID ‘CHROMAT 
 _Determ: nation of f the acid. value. of the final sample and correction of this for residu 


i free hydrogen chloride shows that conversion is at least 99 per cent., so that any dis ‘epancie 

| A solid sample of CMPP can be esterified in a similar manner by weighing 3 to 5g of - 
sample into a weighed flask having a B24 neck, adding 75 ml of = alcoholic aaeumee of ‘ 
hydrogen chloride then continuing as described above. 

| 


GAs- CHROMATOGRAPHIC ANALYSIS 


SELECTION OF INTERNAL STANDARD— 


Various compounds were but all except dimethyl were 


Dimethyl phthalate is eluted from the chromatographic column between two small ace . 


A commercial instrument reputedly usable up ws 250° C gave excessive break- down 
troubles when operated above 200°C. This difficulty was overcome by constructing a gas — 
chromatograph consisting of a heating unit, a four-filament thermal-conductivity cell, a 
column of copper tubing 10 feet in length, a carrier-gas source, an electronic recorder and» 
_ The heating unit consisted of two concentric Pyrex-glass pipes, each 3} feet long. be ‘The eo 
inner pipe (internal diameter 34 inches; 4 inch thick) was wound with resistance wire on 
the outside for its entire length (total resistance 120 ohms) ; the leads terminated in a plug 8 i 


connected to a Variac transformer. The inner pipe had a winding of asbestos yarn anda 

l-inch roll of heat-insulating fibre over the resistance wire. The whole assembly fitted 

tightly inside the outer pipe (internal diameter 6 inches ; 3 inch thick). - This heating ' unit ’ 


_ The four-filament thermal- conductivity cell (obtainable from the Gow - Mac Instrument e 


Company, Madison, New Jersey, U.S.A.) consisted of a square stainless-steel block incorporat- 

ing two pairs of matched filaments with 12-inch long leads from the block. __ ee Pr, 
_ The chromatographic column was a 10-foot length of }-inch external diameter copper 
tube (20 gauge) packed with 25 per cent. w/w of polypropylene sebacate on Celite 545, and 

the carrier gas, a mixture of 75 per cent. of nitrogen and 25 per ¢ cent. of hydrogen, was supplied 
The carrier-gas pre-heater tubing, gas- chromatographic column and exit tubes were 

“arranged s so o that the thermal- I-conductivity cell was sof the located it in the unit. 


T vas maint 


The electronic recorder was a 10- mV Sunvic high- speed recorder (type RSP2), and 
the remaining equipment was that rormally used for connections, except for the ao 
injection n system: and the bridge rene BER 

‘Initial experiments with glass - metal seals and similar connections at temperatures: bee i 
above 200° C were not entirely satisfactory, and an all-metal system was devised utilising = | 
silicone-rubber discs as the self-sealing leak-tight diaphragm. _ An Agla micrometer syringe oe. 
was used to measure the amount of sample injected into the system. The all-metal system 
consisted of a piece of }-inch external diameter tubing welded perpendicularly to the middle — 
of an ordinary metal coupling. One side of the latter was attached to the chromatographic - 
column and the other side had a flat silicone-rubber disc screwed down tight on its face. — 
The carrier gas entered through the perpendicular tubing. 

DETECTOR BRIDGE of ernst 

As schematic diagram of the four-filament circuit is shown. in 

___ The use of an internal standard necessitates preparation of standards containing pure __ 

butyl a-(4-chloro-2- -methylphenoxy) propionate dimethyl phthalate. 
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660 AND BUTLER: THE DETERMINATION OF a-(4- 2- ‘[Vol. 85 
_ standards by weighing 3-0 to 3-5 g of dimethyl phthalate into a suitable container and adding | ‘ 
2-8 to 3-0 g of pure butyl «-(4-chloro-2-methylphenoxy)propionate and about 3-5 g of n- ‘butyl 
alcohol. Standards should be prepared at least in duplicate. 


nT 
Recorder 


je neniles 
ros 
= 250-ohm variable resistor (current regulator) 
= 100-ohm 10-turn potentiometer | fhe 
= 25-ohm variable resistor (zero control) 
3. Schematic diagram of four-filament detector bridge circuit 


OF FACTOR F FROM STANDARD SOLUTION 


Inject 2 drops of well mixed standard solution into the inatrament at t 230° with the 


— chart switched on, and record a chromatogram under the following conditions— 


Column packing—25 per cent. of sebacate on Celite 545. 

Outlet pressure—385 mm of mercury, = 

Inlet pressure—Slightly below atmospheric (about 750 mm of mercury). baa ai 

= 


| 


amt bot 


Filament 


Chart speed— —15 inches per hour. tox, 3% wie | 


After: elution, calculate the areas wi under the dimethy1 phthalate and butyl a.-(4- chloro- 
2-methylphenoxy) propionate peaks by multiplying the peak — by the peak widths at 


half the peak heights. Calculate factor F from the expression— a eee 
— under dimethy1 phthalate peak Weight of CMP in standard, g 


CMPP eak Wei ht of 1 hthalate in ‘Standard, 


which CMPP_ refers. to to butyl (4- -<hloro 2- -methylphenoxy)propionate, iw 


_ Weigh 1:8 to 2-0 g of the sample of butyl esters in 7-butyl alcohol (prepared as eee | * 

on p p. 657) into a tube containing 0-4 to 0-6 g of dimethyl phthalate. Mix well, inject 2 drops — 

‘into the chromatograph, and record.a chromatogram under the conditions described above 
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m (see mae. . After elution, calculate the areas under the s dimnctteg! phthalate and butyl a-(4- 


chloro- 2- -methylphenoxy) propionate peaks as before. Calculate the percentage > of butyl 
4-chloro-2-methylphenoxy) propionate in the sample from the ex ression— 


Anes under + CMPP peak Weight of it of dimethyl p phthalate pr present, g 214:5 00, 
“5 


w vhere T i is ‘the percentage ¢ of total ac acids in the sample of butyl esters. ether riicege 
“7 Nore—Satisfactory results have also. been < obtained with a column length of 6 feet, a Peer 
aa of 250° C, a bridge current of 160 mA, an outlet pressure of 430 mm of mercury, ai 


pressure of 5 mm of mercury and a chart speed of 30 inches per hour, = an ae 


(6- ~ 2 


n — Butyl alcohol 


| 


propionic acids is shown in Fig. 4. The percentage of «-(4-chloro-2-methylphenoxy)pro- 


pionic acid in this sample was calculated from the results shown below— ty Pie mac’ 
Weight of test solution containing 30-47 cent. w/w of total acids 
Dimethyl phthalate peak on on ey te 
Height, mm .. 20-13 0 21-00 


and the percentage of a-(4-chloro- -2-methylphenoxy) propionic acid in the sample was calculated | Bs 
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: Be Int this method, the prepared solution of butyl « esters is used without the addition | of an 
_ internal standard. A chromatogram is recorded under the conditions used in the internal- 
4 - standard method, but the chart speed is decreased to 6 inches per hour. The areas under all } 
7 the peaks except those eluted in the first 5 minutes are calculated from the peak heights and 
the widths at half the peak heights; six peaks, including that of the «-(4-chloro)-ester, are 
and the percentage of butyl «- is 


Area under peak for a-(4-chloro)- -ester, sq. mm X 100 2 Yar 


Total area under peaks, sq. mm 
The resu 


REPRODUCIBILITY OF THE INTERNAL-STANDARD METHOD 
‘Test -Chloro)-acid Average, 


No found, % 


Il 


Chioro- -2-methylphenoxy)propionic acid found 


3-0 ‘6 94-7 
91-5 


A series of for factor F was obtained out 

over 3 days; the results were 1-002, 0-9956, 0-9917, 0-9965, 0-9993, 1-006, 0-9979 and 1-009 
: Four separate esterifications were carried out in duplicate, and duplicate chromatograms 
x were recorded by the proposed internal-standard method for each test solution. The results 
| are shown in Table I, and similar reproducibility was attained in duplicate determinations 

_ Table II shows the results of a series of determinations by the internal-standard method, 

the total-area method and Haddock and Phillips's method 
_ The proposed method has also been used to determine «-(4-chloro-2-methylphenoxy)- 
ee oe acid (as its butyl ester); for this determination, a 4-foot column } pasar pre: 30 per 
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The proposed internal-standard method provides a reasonably precise, 
Band accurate procedure for the routine determination of a-(4-chloro- -2-methylphenoxy)- _ 
| acid in chloromethylphenoxypropionic acid formulations, the extracted acid from | 
which contains more than 85 per cent. of the a- (4-chloro)-compound. _ A complete analysis 
Ba 4 to 5 hours, but several determinations can | be completed in a normal working ony, 


We thank Mr. E. A. Taylor for carrying out the determinations by Haddock and Phillips’ 4 i 
"method and the Directors of Lankro Chemicals Ltd. for permission to rt this Paper. a 

Haddock, L. A., and Phillips, L. G., Analyst, 1959, 84,94. te 
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The ct of Substituent Groupin; gs the 


p phic Behaviour ¢ of -Phenoxyacetic ‘Acids 

Shemistry and Applied Chemist 


Sy, Derby and District College of Technology, Green Lane, Derb 


Paper chromatograms for thirteen methyl- -substituted gre 
\ i were run in two solvent mixtures, the conditions being rigorously ant ery 


The results show that the Ry values for these acids depend 
a a) the phenoxyacetic acid group, (b) the number of methyl groups present, 


(c) = a relative positions of the phenoxyacetic acid group and the methyl | 


GFOup or groups: and (d) the ‘Telative positions of the = methyl groups. te 
IN one of the earliest papers dealing with the theory of chromatographic behaviour, Martin! _ 
predicted a relationship between the adsorption coefficient of a substance and its chemical. oe 

- potential and chemical structure. The chemical ‘potential | of the molecule was considered  _ 
_ to be the sum of the chemical potentials of the groups comprising the molecule; the chemical __ 
potential of any group was considered to be independent of the rest of the molecule. _ To | 
a first approximation, therefore, the addition of a group to a molecule should have a particular 


an aqueous and an ‘substance 


which a depending on the paper and the solutes. From this equation, 
_ Bate-Smith and Westall* defined the Ry value, 1.¢., log, («/K), and showed that, for a series — 
of glucosides and complex hydroxy compounds, such as tannins, to a first approximation ae 
the relationship between the Ry value and the number of glucoside or other repetitive units _ 
in the molecule was linear. These and other workers found similar relationships for many = Wa 
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an and anaes 10 for carboxylic acids chromatographed in n- -propyl alcohol and j 
an ammonia solution, found that the relationship between the Ry value and the number of carbon — 
Pea atoms in the alkyl chain was not truly linear. Kalbe," for dicarboxylic acids, showed that 
-. linear relationship between the Ry value and the number of carbon atoms in the chain 
was valid over only a limited range. Rappe and Hellstrém™ obtained Ry values for a series. 


a of halogenated carboxylic acids chromatographed in an aqueous mixture of cyclohexane, 
= < ‘benzene and acetic acid and found that the relationship between the Ry value and the number — 


- carbon atoms in the chain was not linear for «-bromo acids. However, they established — 
that the difference produced in the Ry values by the addition of a methylene group was = 
the same for the chloro-, bromo- and iodo-derivatives of a mono-halogenated acetic acid ant 


the corresponding «-halogenated propionic acid. They also reported reasonably constant 
- differences between the Ry values for chloro- and bromo-derivatives and bromo- and iodo- 
- derivatives of corresponding acids and suggested that these differences might be produced : 
_ by differences in atomic volume, dipole mament of of the functional group and and polarisability — 
- Reichl® and Schauer and Burlisch" attempted to correlate the Ry values found in several ‘ 
solvent systems with the structures of chemical compounds. To this end, two constants - 
were determined for each solvent system, a fundamental constant, Ri 7), and a group constant, z 
—_- Ryyg), the Ry value for a compound having substituent groups being given by Rui, Plus mRyig). 
This relationship was stated to be universal, and work on amino acids, carboxylic acids, f 
sugars" and alkaloids showed this statement to be apparently correct. Franc and Jokl!¢ — 
studied homologous series obtained by adding methylene groups to a pinint compound and f 
stated that, although Bate- Smith and Westall’s equation was valid for the first three members | 
of any series, the increments of Ry value for further members decreased with the length 
of the chain. They made the supposition that the relationship between the number of 
carbon atoms in the side chain of a molecule and the . Ry value was logarithmic instead of — 
linear, but stated that the linear ere was valid when a methyl group was introduced 
We have investigated the series of methy!-substituted | phenoxyacetic acids and suggest 
that the phenoxyacetate grouping plays a dominant part in the adsorption of the acids or 
- their ammonium salts on materials with which the carboxy group can form hydrogen bonds 
and is therefore the fundamental group. Since the degree of adsorption is determined 
mainly by this group, the Ry value of any particular acid should also be so determined. 
The Ry, value of a substance is determined not only by its chemical structure, but also 
by other factors, e.g., the composition of the development phases, the nature of the support 
_ paper, the direction of the paper fibres relative to that of the flow of the development phases, 
the manner of development (radial, ascending or descending), the length of the run, the dis- 
tance of the starting line from the surface of the solvent, the concentration of the solute in | 
the dried spot, the presence of other ionic substances and the temperature at which the : 
chromatogram is developed. To ensure that variation in the Ry values of the series were 
produced by changes in chemical structure and not any other main factor, the experimental 
We had previously!” found that, for a small series of chloro- and methyl- -substituted 
_phenoxyacetic acids chromatographed under standard conditions in m-butyl alcohol - water . 
or -butyl alcohol - ammonium hydroxide solvents, although the relationship between the 
_ Ry value and the number of substituent groups was approximately linear, there was a small 
yet appreciable difference between the Ry values for isomers. 
During preliminary investigations, chromatograms were run various temperatures 
between 18° and 25°C, and it was noted that the Ry values increased with temperature. : 
_-- However, above 23° + 0-5° C, variations of 1° C in temperature during a run caused partial | : 
separation of the components of the solvent system, which in turn caused water- -logging 
of the paper, streaky spots and an uneven solvent front. In order to maintain the standard 
conditions, including the shape of the spots, a temperature of 23° + 0-5° C was used through- — 
out, and maximum reproducibility of results was obtained. 
medals affecting the Rp value were standardised as described below. _ Immediately — 
before use, the n- butyl alcohol was fractionally distilled, and the fraction boiling between 4: 


(118° and 118-5°C was used. The water was de- ionised by 1 the ‘usual and 
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aqueous solution of ammonium hydroxide was. taken from one batch, which was 


_ throughout the series. The solvents were mixed and were allowed to attain equilibrium = 
. : at 23° + 0-5° C over 3 days, during which time they were frequently shaken. When ready 


for use, the alcoholic layer was placed in the bottom of an all-glass tank, - the temperature 
of which was thermostatically controlled at the chosen value. _ te, 


_ The paper used was taken from one batch of Whatman No. 1 filter-paper and was use 
_ in the machine direction; it was pre-treated with ammonia vapour for 3 hours before yao 


cent. w/v solution of each acid in n- by the spots during 


‘The paper was carefully adjusted so that the applied spots were a standard bie 
above the surface of the solvent, and solvent was allowed to run an direction for 
_ Several spots of the various acids were placed on each paper, ‘ plgielte with a standard — 
spot of phenoxyacetic acid. If the Ry value of the standard varied by more than 0-02 unit — 
of Ry from a pre-determined mean (the average of twenty-five to thirty runs), the paper was 
discarded. 2,18 All the acids used were chromatographically pure, only one spot, fairly” 

uniform in shape, being obtained for each acid on development. = 
es The chromatograms were developed with a 0-04 per cent. w/v solution of bromocresol | 
_ purple in a (1 + 5) mixture of formaldehyde and absolute ethanol that had been ie 2 
_ to pH 5; they were then exposed to ammonia vapour. The acids appeared as yellow — 
ona purple background, which rapidly faded, but was periodically regenerated by — 


.. ‘The Ry values found and t the Ry values calculated are atten in Table I. The Ry value 


a each acid is the mean value found from at least four acceptable chromatograms, the indi- i 


vidual variation for each acid being not more than 0- ‘02 unit of Ry from the quoted mean. 


VALUES OF AND Ry FOR PHENOXYACETIC ACIDS IN ‘CONTAINING 


| 2-Methylphenoxyacetic 0-330 th 0- 0-190 
2:6-Dimethylphenoxyacetic [0385 205, 0-465 060 


_2:3:5-Trimethylphenoxyacetic 0-415 0- 145 0-480 0-040 


relationship between the aan of substituent groups and the average Ry value, and the 


increment for these average values is approximately the same for the two solvents, it ao 


apparent from a more detailed study that the expression suggested by Reichl® and Schauer 
and Burlisch* does not adequately account for the factors rege cance the Ry value. We — 
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substituted compound. at leat two steric factors dependent on (a) the position of the 
undamental group and (b) the position of the substituent 


‘Di-substituted acids .. 2:3-dimethyl < 2:4<dimethyl < 2: b-dimethyl 3:5-dimethyl 

we e suggest that the apres the distance between the. fundamental stilts and the subétituent > 
group, the smaller is the effect on the Ry value of the molecule and that the nearer the 
substituent groups are to one another, the smaller is the effect on the Ry value. = © 

_ Although these effects are regarded as complementary, the major factor i is considered — 


to be the relative positions of the fundamental and substituent groups. _ When two or more — 
substituent groups are present, the “average” position should be considered. 

The apparent anomaly of acids substituted in both 2- and 6- -positions is is regarded as 
being caused by steric inhibition of adsorption of the fundamental group on the paper; ment 


physical bulk of the hydrophobic of shout the fundamental 
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A reliable method is described for determining magnesium in plant + 
"material; interference from phosphorus, ‘calcium, aluminium, manganese, 
od iron, copper and zinc is overcome. Although more time-consuming than eH + 
procedures involving use of Titan yellow, its accuracy is similar tothat 
of Metson’s volumetric procedure, putt 
In connection with work on leaf analysis in relation to fruit nutrition, the reaction between 
magnesium and Titan yellow has been investigated in some detail, and a method for deter- 
mining magnesium in plant material has been developed. This method has now been in — 


Toutine use for 2 years, time no difficulties have been in n obtaining 


666 BRADFIELD: THE DETERMINATION OF MAGNESIUM (Vol. 85 Sep 
Pa aa ___ Since the R.. values for the substituted acids are in the order shown below— 
— in 1 
the 
— oth 
— 
— ay 
gra 
pe 
— 
al 
a 
Te 
in 
fo 
> 


<> 


‘From the numerous papers published about this reaction, it is clear that the intensity 
of the coloured adsorption compound is affected by (a) the amount of Titan yellow used, e. 
(6) the nature and amount of protective colloid used, (c) the concentration of sodium ‘cc 
in the final solution, (d) the temperature at which the reaction occurs, (¢) the time for which © 
the magnesium hydroxide - dye adsorption compound is set aside and (f) the presence of 
other ions. These factors have been investigated, and the optimum conditions for carrying 
out the reaction have been determined. 
Mikkelsen and Toth? first drew attention to the variation between different batches of _ 
dye i in the sensitivity of their reaction with magnesium. This has also been noted by other _ 
workers, but no investigations appear to have been carried out on the nature of different — 
_ Four samples of dye (A, B,C and D) w were examined by chemical analysis, paper chromato- 
graphy and spectrophotometry. _ Samples A, B and C were from the same source, but different © 
batches, and sample D was from a different source. 
_ Chemical analysis showed the presence of sodium chloride in . different amounts; samples oo. 
A and C contained about 7 per cent., sample B about 55 per cent. and sample D about 3 per . 
cent. This is presumably i introduced ‘during: a ‘salting- -out process in the manufacture ¢ of e 
Examination of the samples by paper chromatography, a phenol - water mixture 
(40: 25 : 40) being used as solvent, produc’ ed a yellow spot (Ry 0- a to 0-35) and, under ultra- 
‘the relative concentrations of the yellow spots were A = C > D > B and of the fiuorescent 
The ultra-violet and visible absorption curves were plotted for the four ail’ in 0-002 . 
per cent. aqueous solution. For each sample two peaks were observed, one at 330 mays and : 


one at 405 5mp. The ratios of t the heights of these peaks were— 


4 ‘Bach s sample of Titan yellow tested therefore consisted of sodium chloride, the ‘dilly Es 
compound having Ry, 0-28 to 0-35 and absorption peak at 44 405 my and a fluorescent compound 
having Ry 0-55 to 0-65 and absorption peak at 330 mp. . The relative amounts of the com- — 
ponents varied from batch to batch and, in particular, from source to source. The effective 


| component in the reaction with magnesium is that having its absorption peak at 405 mp, © 


and measurement at this wavelength of a 0-002 per cent. aqueous solution gives the relative 
sensitivities of different batches of dye. There is therefore little point in specifying a Particu-— . 
lar concentration of Titan yellow, since this will vary from batch to batch. — — batch must ~ 

be standardised as described under “Method.” 


Until 1948, "starch or mixtures ares of : starch and glycerol were the reagents most commonly 


used to prevent precipitation of magnesium hydroxide. In 1948, Heagy’* introduced polyvinyl © 
alcohol as colloid protector and pointed out the increased sensitivity achieved by its use. ae 
Mitchell® has criticised its use because polyvinyl alcohol gives a red colour | with Titan yellow, — £ 
and, although it also increases the red colour ‘produced with magnesium hydroxide, the ais 
resultant effect is a marked reduction in the range of optical-density measurements. His 
results are based on a concentration of 0-2 per cent. w/v of polyvinyl alcohol in the final — * 
solution, and at this level it is true that the sensitivity is less than that attainable at lower ah 
concentrations of the alcohol. This is because polyvinyl alcohol reacts with Titan yellow a 

in alkaline solution to form an adsorption compound and competes with magnesium hydroxide __ by 

for the dye. For maximum sensitivity, therefore, its concentration must be controlled at 
the minimum necessary to prevent precipitation of magnesium - hydroxide. The optimum se 
concentration in the final solution was found to be 0-02 per cent. w/v for the determination rt F 


of 100 BE of magnesium i in 20 ml of solution. ig at 
= 
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At the optimum concentration of polyvinyl alcohol, the sensitivity of the reac | 
witl 
of d 
. slight increase in the optical density of the adsorption complex was observed with Hoy 
_ increasing temperature up to 30°C; above this temperature the optical density "decreased - 
_Yapidly, particularly at the higher concentrations of magnesium. A temperature of 25°C § (obt 


was selected as optimum for colour development. | 


No significant change in the optical of solutions was over 2 hours, § 


Elements normally materials and ‘that n might ‘be expected t to cause = 


sul, 


the optical of the solution when in concentrations above 1 p.p.m. of tap 


_ phorus. _ At 4 p.p.m. of magnesium, the optical density was decreased by 10 per cent. in § js a 
‘presence of 1 p.p.m. of phosphorus, 18 per cent. in corr of 5 p.p.m. and 22 per cent. in § of 1 
In addition to this direct effect on the adsorption of Titan yellow by magnesium hydroxide, of 1 
phosphate produced turbidity or precipitation in solutions containing about (25 p-p.m. of § wa 
calcium, owing to formation of calcium phosphate. 
No control over interference by phosphate could be achieved by using a compensating § >" 
_ Solution, as recommended by some workers,*:> unless calcium was first removed; even then, 4" 
_ control was not effective in presence of more than 2:5 ‘5 p.p.m. of magnesium. The most | 
effective treatment was found to be the removal of phosphate from the solution by passage § ma 
through an anion-exchange resin in the chloride form. = §sol 
_ Steyn® used De-Acidite E to remove phosphate from plant- digest ‘solutions before the [| of 
determination of magnesium by titration with ethylenediaminetetra-acetic acid. — The use ff gra 


_ of this resin in | our work « gave complete removal of phosphate i in the pH Tange 1-5 ‘to 7-0. «] 


Calcium—As observed many presence of increases the wine 
er density of the magnesium hydroxide - dye adsorption compound. Its effect, however, was 
found to be dependent on the concentration of magnesium. At 1 p.p.m. of magnesium, up J 

_ to 50 p.p.m. of calcium had no effect. At 2-5 p.p.m. of magnesium, an increase of 10 per cent. 
; in the optical density was observed in presence of 5 p.p.m. of calcium, and the optical density 
then remained constant in presence of up to 50 p.p.m. of calcium. "At 4 p.p.m. of magnesium, 
an increase of 20 per cent. was caused by the presence of 5 p.p.m. of calcium, and the 2 optical 
_ density then remained constant in presence of up to 50 p.p.m. of calcium. ia alk Glee 
Interference from calcium is normally overcome by using a compensating solution. 
_ Since enhancement of the colour by calcium reaches a constant value, the use of a com- 
-pensating solution is permissible provided that phosphate has previously been removed. on 


M anganese, copper, iron, zinc and aluminium—Interference from ‘these elements was sil 

, +8 prev ented by using a solution containing triethanolamine, hydroxylamine hydrochloride and | _ 

aluminium chloride, as recommended by Mehlich.” When this solution is used, manganese J '" 

_ to magnesium ratios up to 1 to 1 , copper to magnesium ratios up to 0-4 to 1, iron to magnesium 

ratios up to 2 to 1, zinc to magnesium ratios up to 0-2 to 1 and aluminium to magnesium 

Tatios to 2 to can be tolerated without interference. is tatios 
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portions of distilled water. ‘The resin is thant in the chloride form and for use. 
dye ‘Titan yellow solution, 0-1 per cent.—Dissolve 0-2 g of Titan yellow in 200 ml of distilled — 
| water; use the reagent obtainable from the British Drug! Houses Ltd. fo for spot tests or from 


with § Hopkin and Williams Ltd. . (code No. 8686). 
ased § Titan yellow - polyvinyl alcohol reagent solution—Dissolve 0-2 g of polyvinyl perry WO 
(obtainable from the British Drug Houses Ltd.) in 100 ml of. ‘boiling water. When cool a 
add x ml of the 0-1 per cent. solution of Titan yellow, and dilute to 200 ml. (Determine the an 
value of for each batch of dye as described of itan ellow 


eased : _ Prepare an ion- exchange c column n from a 50-cm length of glass tubing, 1-2 cm in diameter, 

phos- § tapered at its lower end and connected to a swan-neck capillary tube, the outlet from which 


it. in ff is about 20 cm above the base of the column. Place a small plug of glass-wool in the bottom Se 
at. in § of the tube, and pour in water until drops issue from the capillary. Pour a slurry of the resin _ 
| into the tube, a portion at a time, until a column about 20 cm long is obtained and the level - 
of the top of the column is about 1 cm below the outlet of the capillary. Wash the resin with | 
STANDARDISATION oF TITAN YELLOW SOLUTION— - 
___ Prepare solutions containing 0-005, 0-01, 0-015, 0-02, 0-025 and 0-03 per cent. of Titan 


yellow in 0-1 per cent. polyvinyl alcohol. To pairs of tubes containing 0 and 100 yg of a 


ssage | magnesium and 2 ml of compensating solution in a volume of 12 ml add 4 ml each of dye 
_ solution and sodium hydroxide solution. After 30 minutes measure the optical densities 
e the J of the solutions in 1-cm cells at 550 mp with a Unicam SP600 spectrophotometer. Plot a _ 
e “use graph of the difference in optical density between the solutions containing 100 and 0 pg - 


0. magnesium (AA) against the concentration of Titan yellow present. The value of AA will 
“ ao al reach a maximum, and the concentration of Titan yellow at which this occurs is selected for 
P peer use. The amount of the 0-1 per cent. solution of Titan yellow (x ml) needed to prepare So 


solution having this concentration can then be calculated. 
ensity ow eigh 1 ¢ re of plant material, pt previously ground i ina Wiley mill to pass through a 40 fee 
oe sieve and then dried at 105° C for 1 hour, into a borosilicate-glass tall 250-ml beaker. Add . 
ptical f 95 ml of concentrated nitric acid, cover the beaker with a watch- -glass, and digest at low _ 
in oar. temperature until no solid material remains. Add 2-5 ml of 60 per cent. perchloric acid, con- a os 
ution. Ff tinue digestion until fumes of perchloric acid are evolved, slightlyunc over the beaker, and ee 
hero continue to heat until nearly all the perchloric acid has been removed. Cool, add 25 ml of - 

ved. ‘water, boil, and filter the solution through a Whatman No. 540 filter-paper into a boro 
s was | Silicate-glass 100-ml calibrated flask. Dilute to the mark, and mix. 
leand§ ‘pipette, place a 20- or 40-ml portion of the solution (depending on the ar ‘al 
sanese | Magnesium present) in a squat 100-ml beaker, and add dilute ammonia solution until he 
esium 4 PH is between 3 and 4 (use a pH meter). Pour the solution on to the prepared ion-exchange = 
1esium | Column, wash through with water until 100 ml of effluent have been collected in a graduated 


ratios borosilicate- -glass flask, mix the by pipette, 10-ml -ml 
stoppered an and 25- mit tube. Trot 


| 
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Ton-exchange resin—Shake 150 g of De-Acidite E (obtainable from the Permutit Co.Ltd.) $$ 
| with three 200-ml portions of a 5 per cent. solution of sodium carbonate, three 200-ml portions are. ae 
— 
| 
ii 
Compensating solution—Dissolve 3 g of analytical-reagent grade calcium chloride hexa- 
ours, hydrate, 1g of analytical-reagent grade hydroxylamine hydrochloride, 0-5 g of aluminium 
nent. § cjloride hexahydrate and 100 ml of triethanolamine in water, and dilute to 1 litre. = ji chee 
— 
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a series ad standard covering the 0 to 100 pg of 
‘placing the necessary amounts of a standard magnesium solution in stoppered tubes and > 
4 3 diluting each solution to 10 ml. To the sample and standard solutions add 2 ml of compensat- 
ing solution, and place the tubes in a stainless-steel rack in a water bath at 25°C. To the § 
contents of each tube add 4 ml of Titan yellow - polyvinyl alcohol reagent solution, and then 
_ immediately add 4 ml of sodium hydroxide solution. After 30 minutes, measure the optical 
densities of the solutions in l-cm cells at 550 my with a Unicam SP600 spectrophotometer, 
—_ calculate the magnesium content of the sample from the calibration graph. a Sah « 


‘Dilute a 5-ml portion of the effluent from the column to ml. Add 
2 ml of a 2-5 per cent. acid solution of ammonium molybdate (prepared by dissolving 2-5 g 
of analytical-reagent grade ammonium molybdate in 100 ml of 10 N sulphuric acid) and 
_ 0-4 ml of a 1 per cent. solution of stannous chloride (prepared by dissolving ( 0-626 g of powdered 
- tin in 10 ml of concentrated hydrochloric acid and diluting to 100 ml). Compare any blue 
colour developed with that of a similarly treated standard solution containing 5 ug of 
phosphorus. _ When the blue colour is equal to that of the standard, regenerate the resin by 
the procedure described previously. Regeneration is siemens required after eight t to ten 


ae Ten determinations on a sample of apple leaves gave a mean content of 0-155 per cent. 
p of n magnesium, with a standard deviation of 0-004 and a coefficient of variation of 2-5 per 
- cent. For blackcurrant leaves, the mean content of magnesium was 0-272 per cent., with 
a standard deviation of 0-002 and a coefficient of variation of l percent. bee 


~ Magnesium was sstidiiailieaia’ in various plant materials, and the values were compared 
; -__ those found by a volumetric procedure® involving use of 8-hydroxyquinoline; the results 


are s shown i in Table 1. huh 


ONTENTS OF PLANT MATERIALS BY 8-HYDROXYQUINOLINE AND 


Lucerne ss =a 146, 0-143, 0-140 (mean 0-143) 0-135, 0-140, 0-135 (mean 0-138) mers | 
Oat + 0-109, 0-113 (mean 0-111) 0-120, 0-115, 0-120 (mean 0-118) 
Tomato leaf 566, 0-550, 0-550 (mean 0- -555) 0-550, 0-555, 0-555 (mean 0-553) 4 
Pasture Pat 0-205, 0-205, 0-202 (mean 0: 0-205, 0-205, (mean 0-205) 
Kale leaf 100, 0-100 (mean 0-100) 0-105, 0-105, 0-105 (mean 0-105) 
Cabbage leaf . 0-097, 0-111, 0-090 (mean 0- 100) 0-120, 0-120, 0-120 (mean 0- 120) 
Apple leaf 0-146, 0-147, 0-147 (mean 0-147) 0-145, 0-145, 0-145 (mean 0-145) 
Blackcurrant 0-273, 0-274, 0-276 (mean 0-274) 0-270, 0-275, 0-275 (mean 0- 
~ Strawberry leaf — : 0-260, 0-267, 0-268 (mean 0-265) 0-265, 0-270, 0-270 (mean 0-268) 
os Although the proposed method is more time-consuming than are most of those involving 
use of Titan yellow, its accuracy is similar to that of the volumetric method. = = 
thank Dr. ‘Bould for his interest and advice during work 
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‘The n from Niobium 


The separation of either niobium or zirconium by 
7 extraction from an acid iodide solution into isobutyl methyl ketone has been 
successfully carried out. Although _ palladium i is virtually completely 
extracted, no significant traces of niobium or zirconium could be detected 
TuIs work was initiated to assist the analysis of a series of binary tl ajo and — 
palladium - zirconium alloys for one or the other of their major constituents. An effective _ 
Reparation scheme was sought that would be free from the hazards of occlusion and co- _ ie 
_ precipitation and be more rapid than an ion-exchange procedure.’ Solvent extraction was aor 
thought tobe the best field for investigation, 
A survey of the literature on solvent extraction revealed no reliable methods for the — 
separation of large amounts of palladium from either zirconium or niobium. Mixed butyl — se 
phosphoric acids! are effective in extracting niobium and zirconium from aqueous solutions, — ; 
but also extract up to 5 per cent. of palladium. Zirconium thiocyanate can be extracted _ 
into various organic solvents, but again a small amount of palladium is extracted.2 Few 
of the chelate complexes that form between metal ions and such reagents as acetylacetone~ 
and 8-quinolinol are suitably specific. Those that are specific, for instance, the formation é 3 
of the dimethylglyoxine derivative of palladium and its subsequent extraction into chloro- 
form, will only accommodate trace amounts of the element. The extraction of niobium*.5.¢,7 a 
and zirconium* from hydrofluoric acid solutions into several organic solvents has been reported, a 
but it was thought desirable to avoid the use of such solutions if at all possible, owing to 
practical handling difficulties. In addition, all traces of fluoride ion would probably have ns 
to be removed before the final determination. A report that zirconium was not extracted a 
from 6-9 M hydriodic acid by diethyl ether® was, however, taken as a significant starting point — ,, 
for further study, especially as palladium is known to form complex halides. a 
q a Since niobium, and to a lesser extent zirconium, is not easy to get into and maintain 4 
in solution, the choice of composition of the aqueous phase i is narrowed considerably, particu- ‘a | 
larly if the use of hydrofluoric acid is to be avoided. However, it has been shown® x a 
iodide extractions can be equally well performed in the presence of sulphuric acid and potas- 
= iodide as in the presence of hydriodic acid alone, and, as solutions of the alloys 
Resi acid could be obtained with little difficulty, this approach. was —— "ate 
zirconium were dissolved in aqua the resulting solution was 
“heated to the appearance of fumes with sulphuric acid to give a sulphate solution. Palladium- —_ 
niobium alloys had to be fused with potassium hydrogen sulphate and the residue dissolved in - ie se 
10 per cent. oxalic acid solution. Sulphuric acid and M aqueous potassium iodide were added, i a 
whereupon a dense precipitate of palladious iodide was formed, together with hydriodic acid 
and a little free iodine. Addition of excess of potassium iodide resulted in a partial redissolu 7%, 
tion of the precipitate to yield a dark red-brown solution. 
Initial attempts to extract the palladium iodide from this heterogeneous n mixture with _ 
either diethyl ether or diisopropyl ether proved disappointing, since the precipitate appeared — it 
only slightly soluble in the organic phase and collected between the two phases. It was ce z 
found, however, that isobutyl methyl ketone was a highly effective solvent for palladium he 4 a 4 
iodide, and by adjustment of the conditions it was possible to obtain virtually 100 per cent. : a 
efficiency of extraction from the aqueous phase into the organic phase. __ 
a It was noted that the presence of excess of potassium iodide enhanced the extraction _ 
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‘critical, although a a value of approximately 20 per cent. v/v was as chosen, , since % 


_ this was found to prevent emulsification and aid the formation of a sharp boundary between 
. the two phases. The use of equal volumes of aqueous and organic phases allowed palladium — 
to be extracted with ease at concentrations of up to 1 mg per ml; thus 100 ml of tsobutyl — 
-methyl ketone would accommodate 100 mg of palladium. It was not considered important | 

_ toequilibrate the solventsbeforeuse, 

_ The extractions were carried out in a 500-ml separating funnel with intermittent shaking 
by hand over a period of a few minutes. The completion of the extraction was readily dis- 

_ cernible by the total discharge of colour from the aqueous layer. The layers were separated, 

and the organic phase was back-washed with a few millilitres of 20 per cent. sulphuric acid. 
~ After this treatment there was no rye trace of palladium i in the aqueous phase; likewise 


Palladium was after removal of the zsobutyl methyl ketone by vaperation | 
and destruction of any organic residue by oxidation in the presence of nitric acid, by the 
standard gravimetric procedure with dimethylglyoxine. Both zirconium and niobium were | 
determined by precipitation with cupferron and subsequent ignition to the oxides. ai patter 

Ne The success of the procedure stems from the aptitude of palladium to form a complex 
a iodide, Pdl, 2-' whereas neither niobium nor zirconium forms a stable iodide in aqueous 
solution. “No ‘attempt has been made to study the system exhaustively, particularly with» 
“| Tegard to interferences, although the presence of chloride ions was found to have a deleterious © 
effect, allowing partial extraction of both niobium and zirconium. During the investigation — 
it was discovered that palladium sulphate was extracted to the extent of 80 per cent. from 
20 per cent. v/v sulphuric acid by equal volumes of isobutyl methyl ketone. Thusa suitable 
niobium or zirconium could be effected this means alone with the use 


recoveries Ty are shown in Table I and indicate that within the 
limit of experimental error the recoveries were complete. __ 
ALLADIUM 


0: 0439+ 


w 
*In presence of 0:1 1125 g of 


+ In presence of 0-10 g of niobium. 


oe 
_ The work described has been carried out as part of the general ‘research programme 


of the National in Laboratory, and this paper is published by permis by permission of the Director 
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. The apparatus described here combines the high current capacity of the former type ey 


| those of the two types and is entirely adequate for analytical work. The whole apparatus, _ 
| including all power supplies, controls and the potentiometer for setting the cathode potential, — 


Constant Cathode | ‘Potentia 


(Metallurgy « ant Physics Department, l Aircraft Establishment, Farnborough, Hants.) 


rer. An constant cathode potential electro- apparatus 


is described. The apparatus keeps the potential between a reference electrode i "ony ig : 
and the cathode within +5 mV of any pre-set value in the range +8 to ural é oa a 
Currents of up to 8 amps are available. 
pe oll 3 _ Transistors are used throughout, and the whole apparatus, including power Ds aid w 


has found considerable application, particularly i in ‘metallurgical analysis. If the technique — 
is to be used frequently, the apparatus n must be sme and d several designs for potentiostats 
have been published.} to 10 bd op A 
These designs fall into two groups. The and largest a d. supply 
for the cell, with some motor-driven arrangement to adjust the current. Any error in the 
potential between the cathode and the control electrode is made to operate the motor and © 
adjust the current; sometimes adjustment is possible in both directions, sometimes only in 
system is inherently slow in operation and bulky. Since 


’ 

Cathode Anode 

electrode 


take place at the frequency of the ripple in rectified a.c c. ‘supplies, it is desirable 


‘in the voltage across the cell. (it is "practically impossible to produce currents of a ran 
amps with a ripple of only a few millivolts by using conventional smoothing techniques. a 
-Accumulators of the necessary voltage and capacity add considerably to the bulk of the | 
apparatus and the difficulty of maintenance, 2 
The second type of design, ¢.g., that described by Bewick and his co-workers,® consists 
of a valve amplifier that drives the cell directly. This type gives very rapid response (up to — 
160 kilocycles per second is possible®) and d virtually no ripple, at the expense of being limited - 


with the absence of accumulators and ripple of the latter. The rate of response is between 


. is contained in a box of just over 1 cubic foot in volume. The cathode current can vary from ; a 
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WADSWORTH: A CONSTANT ‘CATHODE POTENTIAL ewer, wd [Vol. 85 
anywhere i in the range +3-0 to —3-0 volts and will be held constant to better than +5 mV. 
The ripple voltage across the whole cell is less than 10 mV. _ Transistors are used throughout, 7 
- _and there is no ““‘warming-up” delay or drift in voltage. — ~ Modifications are possible to increase 
4 the tinal current, to allow an output current in both directions or to posers the size. 
Basically, the apparatus consists of a high- d.c. as shown in 
Fig. 1. The potentiometer is set to the required cathode-to-control-electrode potential, and Fi 
the difference between this and the actual potential, the error voltage, is amplified; the : shout 
- resultant current is passed through the cell. . An error voltage of +5 to 10 mV is sufficient § 
‘The high current required by the cell suggested the use of transistors in the output stage — 


_ stage can dissipate limits the maximum voltage available across the cell, it was decided to 
cool the chassis with water in order to increase the permissible ‘dissipation. _ This has the 
additional advantage of increasing the stability of the input stage. Since the apparatus is” 
used in a chemical laboratory, water is readily available. For ease of operation, the facilities | 


7) A meter that can be switched to measure either the current flowing through the 
= _ cell or the voltage across it and that can also be used for setting up the apparatus. 


om 
a. i) A switch to reverse the anode and cathode connections to the cell so that an un- 
Ry: suitable deposit on the cathode can as removed by reversing the | current, and the 


(iii) A dummy load that can be connected in place of the cell to allo hee adjustments to 
(iv) A standard cell and arrangements to use the amplifier and dumm load” as La. 

§ pil 7 

MA switch to reverse the ‘potentiometer connections to allow t the control men 
to be positive or negative v with | Tespect | to the | cathode. 
(vi yA means of limiting the ‘maximum current that can flow through the cell ns a 
(vi 
~pre- value to prevent deposition from being too rapid. 


DESCRIPTION OF APPARATUS 


_ The nia circuit is shown i in Fig. 2 and the complete circuit in Fig. 3. _ 


STAGE AND caLL ‘SUPPLY— 


‘The output stage is the heart of the apparatus and needs careful design. The main 
requirement is for a high current with a reasonable voltage available to drive it through the | 
cell. When the apparatus was built, the available transistors having the highest current 
rating were the Newmarket ““Goltop’”’ power series, , which can pass 3 amps each. Three of | 
these are used in parallel, as shown in Fig. 2. Ignoring for the moment R,. and its associated — 
supply, it can be seen that the cell current is that flowing through the transistors and that | 
_ the voltage across the transistors is the cell-supply voltage minus the voltage across the cell. 


In the worst instance, therefore, the whole supply voltage can be across the transistors, 


producing considerable power dissipation at full current. In fact, this dissipation limits the 
supply voltage and eZ the voltage available across the cell. The maximum junction 
temperature allowed is 75°C. With the transistors screwed directly to the aluminium chassis, 
without insulation lig and a copper water pipe soldered to the chassis round them, 
_a total thermal resistance from junction to water of 3-3° C per watt can be achieved. This 
permits 15 watts per transistor, allowing a . supply of 5 volts at 9 amps. The supply used 5 
Tises to 10 volts at lower currents in case a higher voltage is needed. It is possible that the 
thermal resistance could be decreased still further by using, for example, a thick copper 
; chassis (or sub-chassis), so allowing a higher voltage supply. _ In each instance, the thermal | 
4 resistance outside the transistor should be checked by using a thermocouple on the transistor 
stud, and the internal resistance (quoted by the manufacturer) should be added. 

_ Resistor R,, and its associated supply provide a small current (about 0-5 amp) to ensure 
Beatles current through the cell can be decreased to zero while some current still flows 
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7 through the transisto a 
dt is necessary -to ensure that the maximum pengbtned current is not exceeded in any 
x transistor. _ Resistor RV, controls the total base-current available to the output stage, and © 
RV, and RV,, together with R,;, control its distribution. It is arranged that the ee 
current of each output transistor can be separately measured, and adjustment of RV,, RV, 

1 [and RV, allows each to be set to about 3-25 amps (maximum). If insufficient control ‘of 
total current is available on RV,, owing, for instance, to the current gain being low, then R 
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: ELECTRO- “DEPOSITION APPARATUS 
“AMPLIFIER 


| Since the constancy of the controlled potential sania on the stability of ae input 
circuit, a pair of transistors, V, and V,, is used, connected differentially (as a “long- tailed ae 
pair’). The two transistors are mounted in adjacent holes in a metal block screwed to at : ‘2 
I water-cooled chassis, thereby ensuring that they are at the same temperature. The positive ee ’ 
and negative supplies to this stage are stabilised by cadmium - nickel electrolytic oc Al uy 

to reduce the effect of variations in supply voltage. 

_ The potential of the control electrode is backed off and applied to the base of V,, the - 

base of V, being connected to the cathode. A variation in the potential of the control elec- oe 
trode alters the base current of V, and hence the collector current, and this signal is amplified 

by the following stages. The base current of V, varies with temperature from about 2 pA ar, ty 

at 25° C to about 4yA at 15°C. A steady current of 3 pA is s provided by R,, so that the -_ fe fy 
current through ‘the control electrode is limited to +1 pA. This is satisfactory when a 

calomel electrode is used, provided that bubbles are cated from the path of the current; 

the current does not appear to polarise the electrode appreciably. Resistor RV, allows the a6 
circuit to be balanced imitially, Beep 

_ The remainder of the amplifier, V; to V,, is fed from lines at +6 volts and —6 volts, 

the circuit being conventional. To reduce drift and the effect of changes in the high-tension 

lines, each stage is designed so that the desired current swing is almost equal to the maximum 

current that the stage can pass. Also, each stage is designed so that it is impossible to | 

exceed the transistor ratings by overloading the input. Transistor V, is mounted in a third 

hole in the same block as V, and Vg, and V, is — to the chassis by means of a standard — 

clip. Transistor V;, which ‘dissipates nearly 1 ; watt, is screwed to the chassis, with a thin : 


Poe. gain of up to 90 dB, and it is necessary that it be stable under all conditions. To ensure : 
stability, the high- frequency gain must be sacrificed, but it is undesirable to decrease this 


sf 4 further than is necessary for any particular cell. Also, the ripple across the cell must be 


_A very large capacitance connected directly across the cell would satisfy these conditions, 


but the value required (about 50,000 F) is inconveniently large. However, the Miller effect 
_ [can be used to increase the apparent value of a given capacitor and so to bring the a 
yg ise down to a reasonable value. The components used are shown dotted in Fig. 2 
C, is the Miller capacitor, and R,, controls the response at high frequencies, when it ro 
otherwise depend on the non- linear input resistance of the output stage. C, decreases the — 
gain at frequencies above that at which R,, becomes effective. C, and “RA” ensure that _ 
feedback at high frequencies occurs ; from the anode of the cell, so that any difference in phase — _ 
between anode and control electrode has no effect. _ At low frequencies and for direct current ae 
feedback is, of course, from the control electrode. The amplifier should be stable with the “a 
values given, unless the over-all gain is too high, and this can be adjusted by altering Ry. = | 
Metal rectifier MR, prevents reversed voltage from appearing across the cell and hence 
_ If the base of V, is made progressively more negative, the current flowing through V, 
Iwill at first decrease, as it should. However, under overload conditions, when the base : 
V, is very negative, its collector current will decrease, and the current in V, will increase 
again. This reverses the sign of the feedback and causes the output current to lock off. 
[his undesirable state of affairs is prevented by using a diode, MR,, in place of “RA” _ 
ee Tre. 2. This has low impedance at currents of 1 pA or so, but will not pass the 150, ii that 
fi if the collector current is to be decreased. 
_ A meter is fitted and is normally used to measure the current flowing of 
s cell, but it can also be used to measure the emitter current in each of the output transistors — 
individually to measure the voltage across the cell or across the transistors. This last voltage 5B 
is the difference between the cell voltage and the cell-supply voltage, and measuring it shows _ 
if there is any voltage to spare or if the current is limited by the available voltage. The meter 
is shown on the circuit Fig. is the function switch, and SH 
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“WADSWORTH: A CONSTANT CATHODE: B POTENTIAL 

alters the range when measuring the cell current. The shunts, Re Res, Re and 


so arranged that the ones not in use are shorted out, and the circuit is arranged so that the 
resistance of the switch contacts does not appear in series with the shunts in use. It js 
_ essential that SH should be a “‘shorting” or “make-before-break”’ type and that SG should 
not be. The shunts used for measuring the emitter currents of Ve, V, and Vz, (Rep, Res and 
Rss, reapectively) are left in circuit permanently to avoid altering the current distribution 


ieee potentiometer used to back off the calomel electrode - cathode potential is built 
into the apparatus and is included in Fig. 3. Potentials up to 3 volts may be needed and 
must be set to an accuracy of 10 mV or better, 4.e., a resolution of better than 1 in 300 is 
required. This resolution can be obtained in one turn of one dial if a large diameter “precision 
_wire- wound potentiometer,” RV,, is used. A reversing switch, SD, is provided to allow 
the voltage to be applied to the’ calomel electrode in either polarity. _ Three mercury cells 
are used to operate the potentiometer. — __A standard cell is provided to allow compensation 
_ for variations in battery voltage. | When SC is pressed, a portion of the voltage across the | 
_ potentiometer is backed off by the standard cell and applied to the amplifier. The voltage 
is adjusted by RV; , and the current flowing in the dummy cell indicates when the resulting 
voltage is zero. E (RV, has already been adjusted to give a suitable current, with the input 
shorted out by pressing SB.) The pre-set resistor RV, determines the exact voltage across 
the potentiometer whe. this happens. ite POS. 4 
a It is sometimes desirable to limit the maximum current that can flow through the cell 
to a value considerably smaller than 8 amps in order to get a more adherent deposit. This 
facility is provided by RV,, which shunts V, and so limits the current available to the output 


stage. Arrangements should be made for the resistor to become open circuited at the high-f- 

Tesistance end of its travel, so as to remove its effect completely, 

_ With the limiter in use, the maximum current through the cell will depend to some f 
extent on the total voltage across the cell, since this aye affects the current through Rey. ot 


slight re- adjustment of RV, 


‘They power supplies are also shown in 3. The: 6- 6-volt lines from MR, are smoothed 

_ by a conventional capacitor-smoothed filter, the capacitor being chosen to reduce the ripple 

“ voltage to about 10 per cent. of the mean; this smoothing is sufficient. The 15-volt supply 
from MR, is similar. ‘The current supply for the cell is taken from a bridge rectifier, MR, 
feeding a ‘choke- -input filter. This is necessary to smooth the high currents taken. The bleed 
resistor, R,,, prevents the voltage from rising too high on no load, and the series resistor, 
__-Rgg, together with the resistance of the rectifier and associated circuit, reduces the output 


voltage from 10 volts at no current to 5 volts at the maximum. This keeps the output 


a 
‘The apparatus a as described works satisfactorily for electro-deposition init _ Various 
‘modifications are possible to increase the range of application. The output current can be 
‘ increased by using more or higher-powered transistors in the output stage and re-designing 
_ the driver stage if necessary. Current flow in both directions through the controlled electrode 
can be obtained by increasing the backing-off currrent through Rg. and removing MR, 
Some other means of protecting C,; must then be used, for example, a battery in series. _ The 
dry battery operating the poteniometer could be replaced by a mains-operated supply, 
- Zener diodes being used for stabilisation. The over-all size can be considerably decreased 


by replacing the rectifiers with germanium-junction rectifiers. Hao 


‘The ripple ame ; the cell is less than 10 mV in operation, 7 when unselected transistors 
_are used in the le input the controlled potential drifts by abo about im mV “warming up” 
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a change of 0-9 mV in the pment, and a 5° C recat in the temperature of the water a Ni, 


ation _ The components required are listed in the Appendix. oe 
a cost (excluding labour) is about £50. If it is desired to heat and stir the contents of the cell, K 


1 and 


cision 


meu the total weight of metal present being about 1 g; in the second, the yields were slightly less _ oh 
consistent, but were still within the range of those reported by Alfonsi. ae en er é ; 


4 
> bleed 


| the power supply for the heater and stirrer can conveniently be included in the box with ’ 
The apparatus has been used for some time and is convenient in operation. As a “aie 
on its performance, separations of silver, copper, cadmium and zinc and of copper, lead, tin 4 
300 is and antimony from solutions containing all four metals have been performed, the methods < 
described by Alfonsi!!-!2 being used. In the first instance, once the technique had been — 
nitive mastered, recoveries of each metal were almost always within 0-4 mg of the amounts present, — 


ar 


10-ohm 10-watt wire-wound resistor. = 
r. 


A commercial version of this apparatus is being developed. _ 
input List OF COMPONENTS US USED IN THE CONSTRUCTION C OF ‘THE nanos 
7 
OR, R = 660-oh t 
high-f = 1000-ohm resistor. 
h Ro Ri 40-ohm resistor. H 
Re = 2ohm wire-wound resistor. ™ 
sothedf 
ripple R 
supply 120-ohm clas. 
MR 25-ohm resistor. 
R 


ssistor, 

output 

i 

» 


supply, 


0-35-ohm 35-watt wire-wound resisto 
300-ohm wire-wound resistor. 
- §00-ohm wire-wound resistor. _ 


= 0-2-ohm 20-watt wire-wound resistor. 
10,000-ohm stability resistor, 5 


= 72- milli-ohm wire-wound resistor. 
0-73-ohm wire-wound resistor. _ 
8-l-ohm wire-wound resistor. 7’ 
250-ohm variable resistor. 
5-ohm 2-watt variable resistor. 
= 2-ohm variable resistor. 
250-ohm variable resistor. oa 
300-ohm variable resistor. 
1000-ohm variable resistor. 

= condenser, 6-volt working. 
§000- pF condenser, 6-volt working. 


Vest 
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= 12-volt 0-5-amp metal rectifier, 
= 0-5-amp fuse. 


= l-amp fuse. 4 ros 
Single-pole on - off switch. 


Single-pole change-over switch 
3-pole change-over switch (spring-loaded). 
2-pole change-over switch. 
3-pole 10-amp change-over switch. _ 
Single-pole 10-amp change-over switch. 

= 6-way 2-pole break-before-make switch. - 
= 6-way 2-pole make-before-break switch. 


1 mA 80-ohm meter. 
amet RMIR mercury cells, 1-3 volts each 
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DETERMINATION OF 2:6-DICHLORO-4-NITROANILINE IN DITRANIL AND 

SOME {BUNGICIDAL ORMULATION BY INFRA- RED SPECTROSCOPY 


A RECENT development in the ‘control of ‘Botrytis disease 3 in lettuce, tulips and various other crops | 


is the introduction of fungicidal preparations based on 2; 6-dichloro-4-nitroaniline. — Commercial — 
samples of the raw material (ditranil) should not contain more than 5 per cent. of 2-chloro- 4-nitro- 


| aniline and 2 per cent. of chloranil, and the first problem in analysing ditranil is to determine Bey 


the amounts of the two impurities and the active material, 2: 6-dichloro-4-nitroaniline , present. Bes 
Chemical methods were neither satisfactory nor sufficiently specific, and column chromatography, = 
although attempted with several solvent systems and supporting media, was eventually rejected © 

as being time-consuming and erratic in performance. It was found that an infra-red absorption 
method would provide the required information rapidly and reliably. 


_ The second problem is to Gotermnine the amount of active material in dusts, e. g., Allisan, — 
and in dispersible-powder formulations. Investigation | showed that similar | infra-red measurements , 


ye 


Fan: 
_ Fig. 1. Infra-red spectra of standard solutions. Each spectrum recorded from 1175 to 1095 cm-} in 


2: :6- Dichloro- 4- nitroaniline— Chloro- 4-nitroaniline— wad -Chloranil— 


in 1 chloroform, in 1 solid, in a chloroform, ing solid, chloroform m, in solid, 


_ Although 2: 6-dichloro-4-nitroaniline and related compounds are not particularly soluble in 


as die at (f) in Fig. 1, and it is this absorption upon which the simultaneous determination of 

the three components in ditranil is based. The spectra of standard solutions are recorded between \ 

1175 and 1095 cm, 3 as shown at (a), (b), (c), (4) 3 one © in Fig. 1, and a calibration graph 7 a 
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Ofsanie solvents, their Chiorororm iS SuCh as tO permit measurement Of their 

spectra over restricted ranges. Between 1175 and 1095 cm-}, 2: 6-dichloro-4-nitroaniline, 2-chloro- 

— 

— 


1 base-line absorption to concentration i is plotted for ea each component. The spectrum of a solution § 1175 


of the sample in chloroform is similarly recorded and the amount of each of the three components §§ show 
a is evaluated from the calibration graphs. The infra-red measurements were made with § exam 
_ a Perkin - Elmer double-beam spectrometer (model 21) fitted with a sodium chloride  iaeas ~ tions 
set to record at 20 cm-! per minute with a mechanical slit width of 0-16 
_ The 2: 6-dichloro-4-nitroaniline present in Allisan is extracted by shaking with | diethyl ether, | : 

After ‘filtration, the ether is removed by heating on a . steam-bath, and the residue is dissolved 

in a suitable amount of chloroform. The spectrum of this solution is compared with that of a 
a standard solution of 2:6-dichloro-4-nitroaniline recorded under the same conditions. _ The 


PHYS 


by 50 per cent. dispersible powder is shaken with chloroform and then allowed to settle; the super- B 


‘- Prepare mixed standards in chloroform containing 0-356 to 0-396 per cent. of 2: 6-dichloro- 


react 
_ 4nitroaniline, 0 to 0-04 per cent. of 2-chloro-4-nitroaniline and 0 to 0-008 per cent. of chloranil. aia 
Weigh 40-0 mg of sample into a 10-ml calibrated flask, dissolve in chloroform, and dilute to the B jove 


_mark with chloroform. Record the infra-red spectra of the standard and sample solutions over § 
_ the range 1175 to 1095 cm, _ Use cells of 1 mm thickness, and set the instrument to record under § . .y 
suitable quantitative operating conditions. Measure the base-line absorption at 1145, 1128 and 
1113 cm-', and, from measurements on the spectra of the standard solutions, plot a calibration 
_ graph for each component. . Hence calculate = amount of each 1 component present in the. sample. § ; 


inn 
and 


FOR ALLISAN— 

Prepare a ‘standard solution by weighing 2: 6-dichloro-4- into a weighing and 
bottle and dissolving it in 20 ml of chloroform. Weigh 1 g of sample into a dry 100-ml stoppered 
aa) od _ cylinder, add about 60 ml of ether, and shake for 30 minutes. Filter into a flask, wash the cylinder met 
and. filter-paper with ether, and evaporate the contents of the flask to dryness by heating on a tris 
7 il _steam-bath in a a current of air r. Dissolve the residue in n 20 ml of chloroform. 7 Record the infra- red equ 


i solution 
absorption at 1145 Calculate the amount of active ingredient present in the sample 


Absorption of sample solution _ 
: 6-Dichloro-4- nitroaniline present, % CX 4 

{ PROCEDURE FOR per | cent. DISPERSIBLE POWDER— 


Weigh 0-4 g of sample into a a dry 200-ml stoppered cylinder, - 100 ‘ml of chloroform, el 
4 pipette, and shake for 30 minutes. Allow to settle, and use the clear supernatant solution for Th 
the infra-red measurement. Use the standard solution described for Allisan, and record the § . 
spectra of standard and sample solutions as described for Allisan. Calculate the amount 

ingredient present in the sample from the expression— e 
6-Dichloro-4-nitroaniline present, 


_Absception of sample solution 


+ etemliien (92-4 per cent.), 2-chloro-4-nitroaniline (7-2 per cent.) and chloranil (0-4 “¥ per cent.) J R1 
were 93-0 and 92-5 per cent., 6 and 7 per cent. and 0-5 and 0-5 per cent., respectively, for the three J 7 
oe _ Results for ten batches of ditranil examined ranged from 92-1 to 97-6 per cent. 

; for 2: 6-dichloro-4-nitroaniline, from 2 to 4 per cent. for 2-chloro-4-nitroaniline and from 0 to 0-5 per e 
cent. for chloranil. The 2 : 6-dichloro-4-nitroaniline contents of ten formulated batches of Allisan fp, 
ranged from 3-92 to 4- 15 | per cent., and from 47:8 to 52:3 per cent. was found in four batches of F 
_ The precision of the determination of 2: 6-dichloro-4-nitroaniline in ditranil by the proposed § P! 

Z method is good (within +1 per cent.), and the impurities, 2-chloro-4-nitroaniline and chloranil, J 
can be determined with adequate precision (within +10 per cent.). The accuracy with which via 


_ impurities can be determined depends on the absence a similar Componnes that atau between 
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and 1095 cm-!. Ch and infra-red measurements in other spectral regions 


showed that 2-chloro-4-nitroaniline and _ chloranil were the major impurities in the materials. 
examined. The precision of the determination of ditranil in dust — dispersible- -powder formula- 


PuystcaL Assay DIvISION, STANDARDS DEPARTMENT _ 


THE analyst in the explosives laboratory frequently has to identify materials suspected to be 
explosives or explosives intermediates. When rapid identification is desirable, the use of colour — 
reactions can result in large economies in time. For aromatic nitro compounds, Janowski’s 
reaction provides a simple and rapid test for classifying the di- and trinitrotoluenes according to __ 
the colours developed in alkaline acetone.!.? Unfortunately, the mononitrotoluenes do “not 
develop colours under the conditions of Janowski’s reaction, and there has long been a need for ome 
a simple and rapid test for their detection. Some experimental work carried out in developing pi: = 
| a suitable test is described in this Note. 
The reagent chosen for the test was trisodium pentacyanoamminoferrate, first introduced by e 
Baudisch as a reagent for the detection of nitrosobenzene, with which it formed a violet complex 
| in neutral solution. The ferrate is a yellow-green solid prepared by the action of concentrated a" ‘ 
ammonia on sodium nitroprusside. 4 It is readily soluble in water and sparingly soluble in ethanol Ha 
and diethyl ether; it is normally used as an aqueous solution, which deteriorates on standing - 
. _ The test consists in the reduction of the nitro compound to a nitroso compound _ Okhuma’s — 
method for reducing chloromycetin.’ The nitroso compound is then treated with a solution of 
trisodium pentacyanoamminoferrate; pa coloured complex is formed in epee with the 


in 
7 ‘The reaction is photo- -sensitive and will not occur in the absence of light. In some instances, <a 
it it is even in the Presence of li ht. tet 


ia ‘The test was ap, lied to _ three ‘mononitrotoluenes in turn. A small amount of sam site 
Pp pie 
"was dissolved in hot ethanol in a test-tube in a hot-water bath. < Reduction was then effected by — 

bringing the solution to the boil in presence of zinc dust and an aqueous solution of calcium chloride. 
The solution was then filtered, cooled to room temperature, and colour was developed by the drop- 
wise addition of an aqueous 1 per cent. solution of trisodium pentacyanoamminoferrate.® = 

__- Under these conditions colours were not always developed, and when they did appear it was 
difficult to distinguish between the three i isomers. — Attempts ' to develop colour i in various organic 


_ water than in organic solvents. ~ Colour was therefore developed in aqueous instead of ethanolic 
Dey: and optimum conditions for detecting mononitrotoluenes were established by trial. 


of calcium chloride solution and then 50 mg of zinc ethan Heat the contents | of the ube 
_ to boiling-point in a water bath, boil for 1 minute, filter, and cool the filtrate to room a - 
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trisodium ‘and note any ‘colour change that « occurs 

. ___ @-Nitrotoluene forms a pink or red colour, m-nitrotoluene forms a reddish violet colour and THE 


p-nitrotoluene forms a violet-blue colour. Nitrobenzene (forming a reddish violet colour), 2:4- § 
eee i dinitrotoluene (forming a violet-red colour) and 2:4:6- trinitrotoluene (forming a violet-red colour) ferric 


7 oa 4 ot he difference between the shades of the colours produced by the mo mononitrotoluenes is distinct, chlor 
When any doubt exists, however, sa can easily be resolved by carrying out the test with pure a ferric 


yy a _ After completion of this work, our attention was directed to a paper in which Ohkuma 


— described the colour reactions of some aromatic nitro compounds with trisodium pentacyano- a 
a 7 4 amminoferrate.? When Ohkuma’s milder reduction conditions were used and colour was developed § high! 


in ethanolic solution, the ferrate was often precipitated; colours were frequently ill defined and 
changed with concentration of sample and with time. Table I shows the results obtained when pury 
E 


ACTIONS OF AROMATIC NITRO COMPOUNDS WITH TRISODIUM PENTACYANOAMMINOFERRATE | linea 


Nitrobenzene .. Pink 15 violet 
2:4-Dinitroresorcinol 


= 


2:4: 6-Trinitrophenylmethylnitramine Green-brown 100 Green 
4: 6-Trinitrophenol (picric acid).. .. Green- 100 Olive green 


er ‘With th the proposed test, three nitro compounds form colours similar to those formed by the 
-mononitrotoluenes, namely, 2: 4-di- and 2:4:6- trinitrotoluene, and nitrobenzene. Application 

_ of Janowski’s reaction would distinguish between the mononitrotoluenes, which form no colour, 
and 2:4-di- and 2:4:6-trinitrotoluene, which form blue and blood-red colours, respectively, in 
7 this reaction. 8 Nitrobenzene could not be distinguished in this way, but it is not normally en- § 
countered in commercial explosives. Its interference is not therefore likely to cause confusion, 
s it should be borne in mind as an additional possibility when the usual confirmatory physical § 
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and ‘THE described by, Gottlieb Marsh* determining phenolic fungicides involves 
:4- § of 4aminoantipyrine, with a solution of potassium ferricyanide as oxidising agent. Potassium ~ 
ut) § ferricyanide solution is also used i in the method for determining phenols described in Hopkin and 


| ~~ Work done in this Inspectorate on the colorimetric determination of dichlorophen (5: 5’-di- 


+ chloro-2 ; 2’-dihydroxydiphenylmethane) on textiles showed that different amounts of potassium — 

pies ferricyanide led to different calibration graphs and that - Teagent blank solutions were highly 


| coloured and somewhat unstable. These facts led to an investigation into the use of alternative 
_§ oxidising agents in conjunction with the 4- -aminoantipyrine reagent solution. It was found that 
potassium 20 a gave satisfactory results, reagent blank solutions =e more stable and less _ 


_ - The use of this oxidising agent was investigated over the pH muge r 25 to 10-4; . for t 


en purpose, solutions were buffered by means of sodium tetraborate and sodium hydroxide. Optical ei . 
a densities covering the range 40 to 300 ug of dichlorophen per 50 ml of solution were measured at oe “a : 
 -«F 510 mp with a Unicam SP600 spectrophotometer. _ The measurements were made with the reagent ae 
blank solution as zero, and the temperature of the solution was controlled within the limits 


2:4 @ to 20° C; - optical densities were found to be constant for 5 to 30 minutes. Calibration graphs were 
m2 linear over the range 40 to 200 ug of dichlorophen at all pH values ¢ and were almost identical Oe 
oof for pH values from 9-25 to 10-0, but above pH 10-0 optical-density values were slightly lower. _ 

al | Outside the range 15° to 20°C, it was found that optical densities varied with temperature, but, re 
of v1 above certain minimum amounts, variation in the concentration of the reagent was not critical ia 


rovide the corresponding reagent blank solution was used. Ce) SA 


‘Buffer solution, pH 9- ‘1—Dissolve 13-75 g of sodium tetraborate and 1-125 g of sodium hydroxide 


4-Aminoantipyrine solution—Prepare a 1 per cent. w/v the reagent in distilled 
"ota ssium n perio ate soled ution per cont, w/v, aqueom mus. fits | 
Standard dichlorophen. solution—Dissolve 0- -200 g of pure 5: 5’-dichloro-2 : 2’- -dihydroxy- 
“ diphenylmethane in acetone, and make up to 100 ml in a calibrated flask with acetone. Dilute ae 


ae 10-0 ml of this solution to 1 litre with the buffer = give a solution containing 20 re of ; 


ition bakes 

‘Wg 
y, in ‘Extract a a 1-0 or 2-0-g sample of textile ‘(cut into small pieces) ) four | times for 5 each 


time with 25-ml portions of boiling buffer solution. Combine the extracts, cool, and make up to ” 


200 ml in a calibrated flask with buffer solution. Filter a portion of this extract through a a 
filter-paper, and place 2-0 ml of the clear filtrate, by pipette, in a 50-ml calibrated flask. Dilute to es 
about 30 ml with buffer solution, and add 1-5 ml of 4-aminoantipyrine solution. Mix well, add 
10-0 ml of potassium periodate solution, and dilute to the mark with buffer solution. bs Similarly ¥ 
prepare a reagent blank solution, and measure the optical density of the sample solution in 1- or 
2-cm cells at 510 mp, with the reagent blank as zero, _ within 5 to 30 minutes after preparation. 


Calculate the dichloro hen content of the sample from a reviousl repared calibration graph 
PREPARATION OF CALIBRATION GRAPH 
_ Place 0, 2:0, 4:0, 6-0, 8-0, 10-0 and 15-0-ml portions of standard dichlorophen solution in — 
separate 50-ml calibrated flasks, and dilute each portion to about 30 ml with buffer solution. — 


Add to the contents of each flask 1-5 ml of 4-aminoantipyrine solution, and then 10-0 ml of potas- — 


sats sium periodate solution, and make up to 50 ml with buffer solution. _Measure the optical a at 3 
as described above with the solution containing no dichlorophen | as z zero. a of 
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‘Determinations of the i» aieaiaenen content of a textile gave values of 1-26, 1-26, 1- 23 inl 
1-24 per cent. at pH values of 9-25, 9-7, 10-0 and 10-4, respectively. _ These results cae with 
those found by the method use of ferricyanide solution. 


a this Note was submitted for publication, -Ochynski ha has s described a a method for onal 


mi mining phenol,’ in which he used a solution of ammonium 1 persulphate as oxidant 4 in the 4 -amino- 


“Organic for Metals, ‘and Other Reagent Monographs,” Fifth 
‘Edition, and Williams Ltd., Heath, Essex, P- 

8B. Ochynski, F. W., Analyst, 1960, 85,278. 
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: Tr HE quality of crude gtycerine derived from fats, whether in the course of soap manufacture, 


hydrolysis or other means, has in the past been assessed by analysis involving such determinations 
as those of glycerol, ash, organic residue and sometimes moisture . Methods for these tests were 
. zy 7 laid down as International Standard Methods in 1911, supplemented by the recommendation of the 
_ British Expert Committee in 1914. > The method of determining glycerol was improved! by using 
sodium periodate (NaIO,); this was included in the text published as British Standard 2621-5: 


_ measure of the extent to which the glycerine has been purified, contaminated or altered in process- 

_ ing; it is a tedious analytical method, with its repeated weighings, requiring careful attention to a 
P standard procedure, and the figures are not always reproducible. It gives a measure of the sum 
of the soap, polyglycerol and other organic matter non-volatile at 160°C, but does not give 
_ a measure of other impurities that are volatile at 160°C. In the evaluation of crude glycerines 
for subsequent purification, such ; as by distillation, it is important to to have warning of the presence 


= it was decided, with the help of those who were interested in the evaluation of crude glycerine, 
_ to examine the value of the so-called “‘matter-(organic)-non-glycerol’’ (MONG) for a great variety 
of crude glycerines, MONG being “100 less the sum of the giycerol. (by the periodate method), 
ash and water (by the Karl Fischer method).’’ During the period 418 sets of figures have been 
collected so as to compare MONG and organic seaidue on both soap lye and saponification crude 
_glycerines. Mostly, the figures were similar and did not differ by more than the reasonable cumu- 
lative experimental errors of the individual determinations. _ In about (25 per cent of the tests, 
MONG was higher than the organic residue by amounts larger than the ‘cumulative. experimental 
“errors of the individual determinations, and this indicated the presence of organic matter, other 
than glycerol, that was volatile at 160°C. In several of these instances (see Table I, samples 
_A, B, C and D) the trimethylene glycol content was determined and was found to make up nearly 
all the difference between MONG and the organic residue. For samples E and F, which had 
_been made by the alcoholysis of fats, the difference was apparently accounted for by residual 
methanol in the crude glycerine. The detailed figures are shown in Table io ioik uae 
aml In about 8 per cent. of the 418 tests the organic residue was higher than MONG to a greater 
extent than would be expected from what were considered to be reasonable cumulative experi- 
errors in and moisture determinations, and when, in addition, an allowance 


_ 1955. The organic residue, which is the ‘‘total residue at 160° C less the ash,’’ serves to give a | 
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deteemination. is “that the cumulative experimental error to cover 
glycerol and moisture determinations might be 0-35 per cent., so that the total error in this direction 
might, if the polymerisation in the organic-residue determination is included, be as much as 0-55 per _ 

: cent. The tests in which organic residue exceeded MONG by more than 0-55 per cent. were mainly — +, 
% ; | those up to 1 per cent. and there were in the whole series of 418 sets of figures only 4 crude glycerines 


| in which the difference figures were greater than 1 per cent., three being only just above this figure | 


one being 1: ‘34 per cent. This last-mentioned crude glycerine was one of particularly poor 
and quality, having an . organic residue of 3-18 per cent. It is known that the presence of caustic and ona % 


carbonate alkali in crude glycerine will affect the Karl Fischer moisture result, making MONG mae 


oe crude glycerine, the amount by which the organic residue exceeded MONG was reduced, but not | 
ino- § completely eliminated. It seems likely that the allowance for cumulative experimental errors has — 
_ Bf not been high enough and that the differences in the direction of the organic residue being higher 3 
_ than MONG are nothing more than the errors already referred to, coupled with the errors known — 

to occur sometimes in the determination of organic residues. 


- 0. 97 172 0-75 


} 
tions | * Determined | by gas - liquid chromatography. “al Oe 

, ‘It is concluded from the survey so far + made that in normal crude glycerines, whether from. 
as t ~_ lyes or from hydrolysers (so-called saponification crude), MONG is a figure of the same order 
ro * Bas the organic residue, while in abnormal crude glycerines, MONG includes organic impurities 
sito, (volatile at 160° C) that would not be included in the organic residue figure. It is proposed, there- . 
ey | fore, that MONG should be considered as an improved alternative to organic residue. = BE 
dente, a is appreciated that others may wish to ventilate | opinions on this, but it does seem that 
=~ the w vay | is 3 open to § substitute ‘MONG for organic residue and thereby save the analyst tedious an 
4 , unnecessary work, , and at the same time ensure that a crude glycerine is not over-evaluated. __ 
ssines Erskine, B., Strouts, C. R. N., Walley, G., and Lazarus, Analyst, 1953, 78, 630. 
time Mitchell, J., jun., Smith, D. M. , Ashby, E E. ;and ‘Bryant, W W. Mz D., J. Amer. Chem. Soc. 
ariety UNILEVER Len. RESEARCH : L 
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[EXACHLO TELL JROUS ACID AS A PRECIPITANT FOR CAESIUM 
tests, 


rental | IN the iieeatililiai of radioactive caesium it is customary to weigh and count as the perc nisi. can 
other §°r chloroplatinate after separation from potassium and other elements. The preparation of the 7 
mples § Perchlorate is rather inconvenient, and chloroplatinic acid is expensive, besides requiring — 
nearly § Prolonged precipitation at high dilution if contamination by traces of potassium is to be avoided.» — 
h had §!t has long been known that the caesium and potassium salts of hexachlorotellurous acid possess" - 
sidual widely different solubilities i in hydrochloric acid, 3,3 and use has been made of this fact in nena = 
reater potassium. The reaction is carried out by adding hexachiocotelinrous acid segue to a solution | 
xperi- of the caesium in 11 to 12 N hydrochloric acid. This reagent is prepared by dissolving 10g of — Fi 
wance | tellurium dioxide in concentrated hydrochloric acid, evaporating to small bulk, , and re the 
ng the cooled residue to 100 ml with 11 to 12 N acid. 
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The results shown in Table I were obtained by sai 2-ml portions of the 1 reagent to solutions § 
P. of 25-2 mg of caesium chloride in 6-1 ml of 11-1 N hydrochloric acid, in the presence of caesium-137 aa 
tracer and various amounts of potassium chloride. After having been set aside for 30 minutes - 
S at room temperature, the suspensions were spun in a centrifuge and the amount of caesium precipi- ” 
- tated in each test was determined by comparing the activity of the ‘Supernatant liquid with that s j 
of the solution before addition of the reagent. The precipitates were afterwards collected in § Ar! 
sintered-glass crucibles (porosity 4), =" — with 11-3 N hydrochloric acid and acetone, ed I q 


Weight of potassium Proportion of caesium Weight of washed 


chloride, mg precipitated, % precipitate, mg 


45-0 


_— acid (Wheeler? quotes | a value of 0-05 per cent.), washing should be kept to a minimum. 
_ On analysis the precipitate was found in duplicate determinations to contain 34-3 and 36-1 per 
cent. of chlorine: Cs,TeCl, requires 35-1 per cent. of chlorine. It may be reprecipitated, if desired, 
oy dissolving in a small volume of N hydrochloric acid and then diluting with 11 to 12 N aye 
‘This technique may be applied after caesium has been precipitated as bismuthinitrite* w as 
-—Bismati -iodide. 8 For the former, the bismuthinitrite is dissolved directly in concentrated hydro- 
__ chloric acid. 7 For the latter, a suspension of the bismuthi-iodide in hydrochloric acid is treated 
oe faded with a drop of saturated sodium nitrite solution; the hexachlorotellurous acid reagent 


is added after the removal by centrifugation of the sodium chloride and iodine formed. _ Any 
residual iodine is dissolved out when the hexachlorotellurite precipitate is washed with acetone. 
Caesium hexachlorotellurite decomposes slowly in the presence of moisture, especially when in 
: contact with a metallic surface, but samples on aluminium counting planchets, for example, may 
_ be protected for storage by moistening them with a 5 per cent. , solution of polystyrene: in benzene 
and evaporating the solvent to give a an impervious film. 
s+ Yamagata, N., and Yamagata, T., Analyst, 1960, 85, 282; Bull. Chem. Soc. Japan, 1958, 31, 1063. 
: £ 2. Wheeler, H. L., Amer. J. Sci., 1893, (3], 45, 267; Z. anorg. Chem., 1893, 3, 428. Naresh 20 rat 


3. Micheler, H., quoted by Gutbier, A., and Flury, F., J. prakt. Chem., 1911, 83, 145. | py 
* / Crouch, E. A. C., Corbett, J. A., and Willis, H. H., U.K. Atomic Energy R Research Establishment 


Report AERE C/R 2325, Harwell, October, 1957. Popa 
. ane R. G., Pratchett, A. G., and Warricker, J. B., U.K. Atomic ities Research Establish- 
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; THE FLAME- PHOTOMETRIC. DETERMINATION OF BARIUM AND SULPHATE: 


WE have recently modified our method for determining barium and sulphate with an E.E.L. 

flame photometer (Evans Electroselenium Ltd.).1 In the original method, the ‘sulphate was 

_ precipitated as barium sulphate, and this was separated by centrifugation and suspended in a 

1 per cent. solution of starch for analysis by flame photometry. In the modified version, the 


advantage in this procedure is that the precipitate cannot settle during aspiration in the flame 
photometer; perfect homogeneity ar therefore a are thereby ensured. 
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a fe barium sulphate is dissolved in a solution of ammonium ethylenediaminetetra-acetate. The 
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x ee The seaiingin application of the method i in this en has been 2 in the analysis of synthetic 
detergents, both raw materials and finished products. _ However, the method is applicable to y many 


other types of product, and a general description is therefore given, 


‘still available in ‘the form of gelatine sheet.) 


Barium chloride solution, I ay cent. ad 


Standard sulphate a 0- of sulphuric acid 


0-2958 per cent. w/v solution of sodium sulphate. Both solutions contain 2000 p. p.m. of sulphate, 


Accurately weigh a sample containing 0:1 to 0-2 g of f sulphate, as SO,*-, dissolve it in he | 
and transfer quantitatively to a 100-ml calibrated flask. Add 10 ml of concentrated hydrochloric 
acid, dilute to the mark, and mix thoroughly. — The , solution must be free from surface-active 
matter and from anions (other - than sulphate) having insoluble barium salts.  $ ; 
_ pipette, place a 5-ml portion in a 10-ml centrifuge tube, add 5 ml of 1 per cent. barium i 
chloride solution, mix, and spin in a centrifuge for 3 minutes at 4000 r.p.m. and 6 inches radius. 
Reject the supernatant liquid. Add 10 ml of water, suspend the precipitate by stirring thoroughly 
with a glass rod, and spin in the centrifuge as before, again rejecting the supernatant liquid. Add a 
ammonium ethylenediaminetetra-acetate solution exactly to the 10-ml calibration mark, and stir 
until the precipitate has completely dissolved, warming gently if necessary. = 
Subject a 5- ml portion of standard ‘sulphate solution to identical treatment; this yields So 

‘Use ammonium m ethylenediaminetetra-acetate ‘solution to set the sero | of the E.E.L. flame sea A: 
photometer, and adjust the instrument to give full-scale deflection with the solution containing ae 
1000 p.p.m. of sulphate. Maintain these adjustments, and analyse the sample solution. 
Calculate the percentage of as SO,?-, in the sample from the expression— 


> 
‘The modified version was not considered sufficiently different the o original to 
require additional testing, but calibration graphs ' were plotted for concentrations of sulphate 
from 0 to 1000 p. p.m. , each filter being used i in turn. — _ These graphs confirmed that the modification = 


gravimetric method ¢ gave a result of 20-5 per cent. ve 
_ Ina recovery experiment, 600 p.p.m. of sodium sulphate were added to a canal of sulphate- 


sodium sulphonate, then analysed. The scdium sulphate content 


= er We thank Colgate - Palmolive Ltd. for ili to publish t this 2 N ote and Dr. A. C. Blaskett 
of C.S.LR.O., for suggesting the modification described. 
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“ 
_SEMIMICRO IN GENERAL un QUALITATIVE ANALYsIS. By NIcHOLAs § wo! 
Cueronis and Herman STEIN. Pp. x + 310. New York: John de Graff, Inc. 1959. tre: 


‘This is essentially a manual of practical work in general elementary chemistry, th the semi- 


micro technique being used throughout, and is the result of eight years’ experience of teaching 
a one-year course in an American college. Divided into two parts, it contain in all 38 chapters, § ;;,, 
: each of which is prefaced by a background cous of the theory underlying the —e but 


_ The first part is divided into 30 chapters, with a total of 115 exercises ranging fom the esual 


gas preparations to a refreshingly large number of experiments in physical chemistry. This section § q 
also includes chapters on organic chemistry. The second part, 8 chapters, is devoted to inorganic Av 
qualitative analysis along more or less traditional lines, with an introduction to paper « chromato- .. 
aan Chemistry teachers in the grammar schools of this | country have generally a accepted the use 7 s 

of small-scale methods for practical work in qualitative analysis and organic preparations, but, § 2" 


7 -_ with few exceptions, they have not extended the technique to the whole field of practical work in & 
- general chemistry; this manual shows well the possibilities of extension. The apparatus used is § W! 
_ that familiarly associated with the technique as practised in this country, but some of the experi- § s!¢ 
_ ments described and reagents used would be thought outside the range circumscribed by the usual § 8“ 
, school syllabuses. There is a dearth of preparations of typical inorganic compounds. In the 
” chapters dealing with organic chemistry, few of the traditional preparations are described, but a 
broader, more realistic approach is preferred, including an elementary study of fats, proteins, A 
_ polymers, etc. _ This approach will not be acceptable to the traditionalist, but may well be the shape — = 
_ The second part, dealing with qualitative analysis, has little to commend it wae use in this 


_ country, as most of the teaching here is tied to the requirements of the ‘“‘A-level’’ examinations. | a 

_ The treatment of a few of the less familiar elements in the scheme | is poor ai and v would be better FF H 

_ The book is well printed, but the format, with its perforated pages, would soon present an § 4} 


untidy appearance under normal school conditions. The use | of chapter | and ‘section references ar 


instead of pages is most irritating as well as time- -consuming. 
__ This manual should find a place on the shelves of the more eaiiilibas ae ee in | grammar § ™ 
schools, for there are many ideas in it for making the practical work more versatile and less time- § © 


consuming than at present. 


LON. Pp. viii + 398. Paris: Masson et Cie. 1959. Price 6000 fr.; (cloth boards) tl 


Any work on this subject from this school will be received with interest by all analytical 


_ chemists concerned with electrode processes and electrochemical methods of analysis. The series § 
of papers on the interpretation and application of polarisation curves that has appeared during § .., 
the past few years has appetites for the comprehensive exposition that 


7 repay the study required for its understanding by bringing new ideas and a fresh appreciation of 
- _ many different aspects of the subject. The concise, , almost terse, style renders digestion ; a little 
_ difficult, but is complementary to the lucidity of the treatment. Perhaps we may hope for ; a 
— translation following that of Professor Charlot’s “Quantitative Inorganic Analysis,” which would 
_ be of much assistance to English-speaking peoples. The treatment is essentially experimental; 
_ no attempt is made to cover the thermodynamics or reaction mechanisms dealt with in theoretical | 
electrochemical texts, nor is any attention directed to industrial electrochemistry and its special | 
‘problems. This in itself is a welcome feature to practising analytical chemists, who seek to 


"understand the systems with which they are particularly concerned. The method of determining 
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curves is described, their ‘significance and applicat 
reactions are discussed, the influence of physical factors is considered, and then a survey of anal 5 

methods of analysis is given. This covers potentiometry, amperometry, coulometry, 

be recent developments in chronoelectrometry and polarography and finishes with a review - : 
work in fused salts and non-aqueous media. One is left rather breathless after all this, but the 
treatment is compendious rather than superficial, and the references are full. There are omissions, 

some of which may be repaired in future editions, ‘but this is to be expected in a work of i 
nature; and there ; are matters ‘that. could be hotly debated, but this is to the good . It Iti is under-— 


but perhaps inevitable, yet it may cause many to wait for a translation, possibly with some revision | 
or expansion, for this is a living subject and still young, = qj ~~ &E. BIsHOoP 


AUTOMATIC TITRATORS. P. PHILLIPS. + 225. New York Academic 
_ There is no doubt that during the past few y years stale has been a distinct tendency to introduce ~ ae 
automatic titration equipment into analytical laboratories. 


_— In some instances, this apparatus has permitted analysts t to take s samples and to titrate them — 
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with appropriate reagents to pre-set end-points, often making use of anticipatory devices that o> 
slow down the titration just before the end- peat. _ -In others, it has been possible to carry out full- — S 


a liquid sample from a plant stream, to titrate this a toa . pre-set end-point | and to repeat ae. 


With all these changes taking place, the egguaiiiaaey of this book on “‘Automatic Titrators” — a 
__ _It should be - emphasised at once that the book is a very good one and very , well written. It pe 
contains a surprisingly large amount of up-to-date information on automatic titrations. After os 
a preliminary introduction, the author outlines some general ac poromnceineanagy of titrator design. | 
He then discusses successively the various forms of automatic titration, i.e., potentiometric, 
amperometric, dead-stop, conductimetric, photometric, thermometric and coulometric, and the 
appropriate equipment for these tests. Titration curves in their original forms and the first, second = ° 
and even third derivatives of such curves are dealt with, | 
_ ‘Fully automatic and continuous titrations are discussed, and there are final chapters on com- 
available titrators and on the applications of automatic- There are. 
sets of up- -to-date references at the end of each chapter. 


this book carefully, t because it is brim-full of ideas, some of which they are bound to incorporate in 


those who still cling to manual forms of titration with colorimetric end- “point indicators 
might usefully try to avoid being too embarrassed by such terms as ‘ : ‘thyratrons” and ‘ ‘resistance 
capacitance networks” and ‘spare some time for studying the wider implications of this rather 


right questions about these new seocnlentn, i é., questions about the accuracy, reproducibility 

and standardisation of such tests. They will want to know, for example, whether the coulomb 

will be a satisfactory standard in many coulometric tests or whether, after all, performance against a eh 


EXCHANGE Resiws. Fourth, Editio Pp. 68. Poole, Dorset: ~The British Drug 

‘The fourth edition of this booklet provides very useful information about the Permutit and 
Amberlite series of ion-exchange resins now available. Some of the resins can be purchased — 


_as general grades, and others are available as “Anal lytical grades’ — atau aed 
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from all working or teaching in this field. The printing leaves a little to be desired, especially in — ieee J: oe 
the smallest type-faces, but the indexes and general production are good. The price is unfortunate, — “ 
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Detailed is given resin, i.é., about its nature, particle size, density 
and capacity as an anion or cation exchanger. The precautions that must be taken in the 


be regeneration of the spent resin are described, as well as the effects of temperature, oxidising and 
reducing agents and strong acids and alkalis on the resins. = Be <1 


ty A special chapter is included on the newer ion-exchange membranes, and there is an excellent Tal 
description of the use of the various ion- exchange resins in analytical work and in other J 
__In a future edition, it might be useful to give more information about the chemical structures of 2 
_ of these ion-exchange resins, whether cross-linked or not. Further, the chapter on recommended me; 
applications for specific resins could be expanded considerably; it is not particularly satisfactory % 
to know that information about, e.g., the treatment of sugar solutions by a particular ion-exchange ‘ial 
resin, may be found in manufacturer’s literature. _ Incidentally, there has been some jumbling of Ff jim 
_ The references to books, reviews and original papers are comprehensive, and the booklet enc 


-Raproactive IN CHEMISTRY AND INDUSTRY. ‘By PASCALINE DavpEL. With a foreword 
by IrtNE Jouiot- Curie. Translated by _Etsner, Ph.D., D. LC. Pp. xii + 210. 


ail This little book by a distinguished - French author is a translation, with some additions and § ™4 
revision, of a French text published in 1955, at 800 francs. Its main purpose is to classify the ord 
many ways of using radioactive tracers, and this it does well by choosing examples of each type phe 
from work. There are five chapters and two appendices— gre 

(2) of tracer techniques to the study of reaction mechanisms. 
(4) The use of tracer techniques in chemical | analysis, oe! 
el 


i 1. Table of the principal radioactive isotopes (4 pages). 
Appendix 2. Experimental procedures pages). 
_ The chapter on tracer techniques in chemical analysis is the longest (50 pages) and anh poe 

- usef ul introduction for readers who are not familiar with the s subject. <erere Sis 
But, apart from the classification of the different uses of tracers, little of the ‘ “expertise” of 
“a author is apparent, and the book is one to be read by the non- ~aienah as an introductory text, 


but it is not likely to find a permanent on his bookshelves. A. A. SMALES 


A STATISTICAL MANUAL FOR CHEMISTS. Ss. By EDWARD L. Baver. Pp. x + 156. _ New York: and av 
London: Academic Press Inc. 1960. ‘Price $4.75; 38s. | | 
= Statistics made its first incursion ‘into > analytical chemistry 1 with “Student” some fifty y years TI 
ago, but it is only within the last decade or so that it has become a general tool for the analyst go 
_ using chemical methods, although it has been an essential element in biological analytical methods § 7; 
formorethantwenty yea, 
a The present volume is written by a chemist and does not purport to be more than the title § a; 
signifies—a manual that states what the chemist needs to know about his results and how to get sy 
_ that information without considerations of the ratiocination leading thereto. In this | Tespect = 
is a lucid exposition based on numerical illustration and capable of being followed by ar any assistant §f {,) 
= The volume differs from most elementary books on statistics in that the variance and standard ca 


_ of the method of squares of deviations from the mean. This has the advantage of eliminating 
ws _ those tedious sums of squares, but calls for special tables, which are provided in the appendixes. 

‘The subjects dealt with include experimental design, analysis of variance (introducing a new 
portmanteau word, ANOVA, which at first sight suggests either nutritional or endocrine associa- 
we tions, at Teast to : a a ee comparisons: of ‘means, correlation and regression w with reference 
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is ae designed. Thus, on p. 18, the 95 and 99 per cent. confidence limits are worked out 
to be the same, but the resultant variation in individuals is correctly seer ater ee on p. 2 


vention of with A but some confusion oc occurs ‘in the 

tures | of analyses of variance from the use of the same symbol to denote at times the true mean (i.e., the 

nded | mean divested of errors) and at others the grand mean, i.e., the observed mean of all experiments. _ aa: 
tory _ In such complicated typesetting as treatises on statistics demand, such errors as have been as 
mgs mentioned are easily missed in first printings and can readily be remedied later. Within its ae 
ng of | jimitations as a manual primarily for the man at the bench, the book is clearly written and serves Saeae s° 
_.,, § 2 useful purpose , but the yee of 38s. for such a slender volume of 156 pages is not likely to ay ii 

AN CHEMICAL NoMENCLATURE. R. S. Cann, A. Phil. nat., fF. -R.I. 
210. Pp. viii 96. I London: Butterworths Scientific Publications. 1959. Price 10s. 
In the r relatively short period since the publication of Dr. Mitchell’s wake there have been 

s and many changes in British chemical nomenclature. To mention but a few, there are the alphabetical __ 
y the order for substituents, etc., the Anglo-American agreed naming of compounds containing one | 
“type phosphorus atom and the rules for the nomenclature of steroids; these are surely if slowly gaining 

ae We ground, the last despite the Fiesers. _ Evidently there is more to come, for the Editor to the 

“. ‘a } Chemical Society observes that the time is not yet ripe for a complete text- book of nomenclature. pig : 
cus a On the inorganic side, the IUPAC Nomenclature of 1957 has been adopted extensively, = 
fee though not quite in its entirety. Here are a few points: the symbol Ar represents argon; there 
es: isa lengthy but limited list of trivial names for acids; the prefix ‘ ‘peroxo’’ is used for acids formerly ast 

4 t denoted as ‘‘peroxy”’’ or simply ‘“‘per’’; the endings -ous and -ic for salts, though not recommended 7 
Stine may be retained when no more than two valencies are involved, with the hope that they will 

tp ultimately vie with old soldiers; Li(AIH,) is lithium tetrahydridoaluminate. Among the diver- 
»vides | gencies are the retention of tungstate for wolframate and nickelate for niccolate; sodium hydrogen- _ 
| carbonate is written as three words; HIO, remains as periodic acid, with H,IO, distinguished as — 
se” of | orthoperiodic acid, whereas IUPAC names the former as tetroxoiodic (VII) acid and the latter 
y text, | periodic or orthoperiodic acid. It should be added that many simple 1 familiar names are retained. 

tes Most organic compounds can be, and often are, named in different ways, “quite apart from 
theaters any trivial names that may exist. The first recipe now is relatively straightforward ; first catch — 

tee 8 # your principal functional group, set it in position in the parent compound, give it the lowest ‘ 
‘k and §f available number and finally add the other substituents as prefixes in alphabetical order. From 4 
ae the above, it follows that the parent compound is not necessarily the largest recognisable unit; 
‘| numbering may be predetermined by other factors, e.g., that peculiar to the parent compound. 

' years § The concept of “functional groups” is one that has crept unheralded into British usage; without — ‘ 
nalyst § coing into detail here, for practical purposes they are those that can be designated by suffixes . 
yeas | There is an order of seniority for such groups that permits th the principal one to be selected. _ How- 
fever, as in the culinary field, the recipe is not always as simple as it seems. For angie, there a 
1 title § are occasions when a compound contains principal groups attached both to a chain and to a ring \e 

to get system, and the selection may then become a matter of personal opinion. © TG See ee 
pect it} = = For polycyclic hydrocarbons and heterocyclic compounds the IUPAC 1957 Rules, themselves 
sistant following the Ring Index system, are adopted with one small difference. The recently introduced _ 
fuse of commas instead of colons to separate numerals is extended d by example to peeve A 
tration | a - Attention i is drawn to the distinction between substitutive nomenclature, ¢.g., 2- -naphthylacetic _ 
ndixes. 

new 
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ference al will not meet every case—after all, it is only intended as an “Introduction’”_—but it should > ee 
of the serve to moderate the fury without involving undue labour; the occasional light touch helps. ae 


sity § = The book is well produced, but contains a number of misprints, which, while offering ee See a 
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THe PHARMACEUTICAL Pocket Boox. ‘Seventeenth Edition. Pp. xii + 516. 


pe ‘The first edition of this book was published in 1906 and was intended as a guide for lilies 
: of pharmacy. - In later editions the scope was widened and information of value to the practising 
_ pharmacist included. The present edition contains about 150 more pages than the preceding one, 
_ published in 1953, and embodies information of value to those analysts who may be concerned 
A particularly good feature, new to this edition, is the Table of Solubilities extending over 
31 closely printed pages and giving values for six “solvents. The summary of the legislation 
connected with pharmacy and the sale and handling of drugs is comprehensive, up-to- date and 
of real value to all who are associated with pharmaceutical business. The article on Isotonic 
_ Solutions has been extended to nearly twi ice the length of its counterpart i in the sixteenth edition, 
- and there is a substantial table of values. Also revised is the section on Biochemical Analysis, 
_ which, however, is not intended as more than a summary for the assistance of students. hak F 
-% _ The 32 pages listing proprietary names of drugs, with their corresponding approved names, 
will, help to clarify some of the confusion promoted by the multiplicity of names so often given 


‘The above are only a few of the many 7 valuable features contained in “this well bound and 


_ modestly priced volume published under the auspices of the Council of the Pharmaceutical Society 
of Great Britain and Tevised by the Staff of the | Department of Pharmaceutical Sciences. os) 
Ropier. Second Edition. Pp. xiv + 358. Paris: Dunod. —:1960. Price NF 48. 
_ This useful and up-to-date volume is a complete revision of a practical handbook first published © J 

in 1950. 7 The emphasis i is chiefly on the analysis of natural waters, but considerable space is devoted 2 

to polluted waters. Short bibliographies : are included in each chapter. Practical details are given. PGas 

“for the more important physico-chemical determinations: density, pH, rH, electrical conductivity, 

_ temperature, turbidity, colour and suspended matter. _ The topical character of the book is well ; 
illustrated by the inclusion of methods for determining radium, radon, and a-, f- and y-radio- § 
activity in waters. Chemical tests include those for acidity, alkalinity, hardness and gaseous § Dic 

constituents; the various forms of nitrogen and sulphur; the commoner cations (Ba, Ca, Sr, Li, q 
_ Mg, K, Na, Sb, Cd, Cr, Co, Hg, Pb, Cu, Al, Fe, Mn, Zn and U); anions (F, Cl, Br, I, borate, silicate, | 
cyanide, phosphate and polyphosphates); also As, Se, V and phenols. Short notes are included TE 

‘ _ For polluted waters, details are given for the determination of B.O.D., permanganate value Tu 


and synthetic detergents, and two putrescibility tests are described. Methods for controlling the 


pe There is little to criticise in this valuable > book. English readers may find the expression. 
“mg */o0"” a little puzzling without some explanation. | In the account of the B.O.D. test, no 


~ mention is made of the use of a mineralised water for dilution purposes. Other notable omissions THE 
_ are tests for nickel and tin-(found in plating wastes), titanium (paper-mill wastes), silver (plating - 
and photographic wastes) and ferrous iron (mine waters and liquors). 23 
in the field indicated by the ‘title. L. J 
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ADVANCES IN APPLIED MicrosioLocy. Volume 2. _ Edited | by Umererr. ‘ 
rs 384. New York and London: Academic Press Inc. 1960. Price $12.00; 86s Pea 
AND FLuIp-ParTICLE SysTEMS. By Frepericx A. ‘jon and F.OTHMER, 
+ age New York: Reinhold Corporation ; Chapman & Hal 
onic THE ENCYCLOPEDIA OF  Puvsican AND CHEMICAL Puysics. Editors- 
ion, _ in-Chief: E. AL GUGGENHEIM, E. Maver and F. C. Tompxins. Topic 6: The Kinetic 
ysis, _ Theory of Gases. Volume 1, Elements of the Kinetic Theory of Gases. 6 By E. A. GuGcEn- hie 
“ei wEIM, M.A., Sc.D., F.R.S. Pp. xii + 92. Oxford, London, New York and Paris: Per- _ 
iven Dis § QUANTITATIVE BESTIMMUNG DER ALKALOIDE IN DRocEN UND 
Prof.Dr. rer.nat. SCHULTZ and Prof.Dr.rer. nat. ZYMALKOWSKI. 
and 995. ‘Stuttgart: Ferdinand Enke Verlag. 1960. Price (paper) DM 73; boards) 
CHE PLANT INSTRUMENTATION: ‘SoME Notes ‘ON THE OF 
p. +55. London: The Association of British Chemical Manufacturers. Price 
| THE CHEMISTRY oF YTTRIUM AND SCANDIUM. By R. C. Vickery, D.Sc., Ph.D. Pp. viii + 123, 
48. Oxford, London, New York and Paris: Pergamon | Press Ltd. 1960. Price 40s. 
MINERAL UsE GUIDE: OR ROBERTSON’ s SPIDERS’ WEBS. By R.H. S. ROBERTSON, M.A., 
44 (loose-leaf). . London: Ch Cleaver-Hume e Press Ltd 1960. . Price 21s. 
given Gas CHROMATOGRAPHY ABSTRACTS 1959. ‘Edited by C. E. Assistant Editor: — 
ivity, G. Scott. Pp. x + 164. Sponsored by The Gas Discussion Group 
j Associated with the Hydrocarbon Research Group of the Institute of Petroleum London: ee — 
seous DICTIONARY OF NUTRITION Foop ‘By ARNOLD EB BENDER, B.Sc., ‘PhD., 
r, Li, R.1.C., M. S. viii + 143. London: Butterworths Scientific Publications. 1960. 
luded oF PHARMACOGNOSY. y. By T. E. Watuis, ‘DSc. FPS., ML. Biol, F. 
or res Fourth Edition. Pp. xii + 640. London: J. & A. Churchill Ltd. 1960. Price 
1g the THE RADIOCHEMISTRY OF Barrum, AND STRONTIUM, By D.N. SUNDERMAN and C. Ww. 
| 
ession 
st, no = Sate 
ssions {THE Pertopic TABLE. By D. G. Cooper, B.Sc., F. R. 1. Pp. x + 93. London: 
orkers . 302. Dagenham: May & Baker isd.” 
oF CHEMICAL THERMODYNAMICS. By CHARLEs E. REID. xii 306. York: 
_ Reinhold Corporation ; & Hall Ltd 1960. Price $7.80; 63s. 
to CHEMICAL PERIODICITY. By R. T. SANDERSON. Pp. x. + 330. York: Reinhold Publishing a : 
THomorytic Aromatic Susstitution. By G. H.  Pp.v iii + 193. Oxford, London, 
a METHODS FOR THE PHYSICAL AND EXAMINATION OF WATER. -Recommenda- 
¥ tions of a Joint Committee of Representatives of The Institution of Water Engineers, The a 
Royal Institute of Chemistry, The Society for Analytical Chemistry and The 


Water Treatment and Examination. Third Edition. 74, London: 
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correct amount made out to The Society for Analytical Chemistry. 
“el ‘The Analysis ¢ of Synthetic Detergents,” by W. B. ‘Smith (February, 1959) . Price 2s, 6d, 
“The Infra-red Analysis | of Solid Substances,” by G. Duyckaerts (April, 1959). ~ Price 
-Ray Fluorescence Analysis,” by F. Brown (June, 1959). hog Price 
_ “Ferrous Metallurgical Analysis, by E B. Bagshawe (August, 1959). Price Bs. — 
“Gas Chromatography and its Analytical Applications,” by B. A. ‘Rose Rose (October, , 1956), 
“Zone Some Comments on its Analytical Potentialities,” 
oo The Analytical Chemistry of Zirconium,” by G. ‘W. C. Milner and J. W. Edwards 


—— Methods for the Chemical Characterisation of Polymers,” by F. W. 


“The Determination of Vitamin B,,," by W. H. C. Shaw and Christine J. Bessell (June, 


_ “Analysis of Organo- -silicon Compounds, with Special Ri ee to Silanes and Siloxanes,” 


_ “Filame- photometric Methods in fetallurgical Analysis,” . by John A. Dean (this i issue; 
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